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Patient  Comments: 

Tve  been  using  CPAP  since  1984, 
and  this  is  the  easiest  mask  Fve 
ever  bad  the  pleasure  of  using. " 

"Hit  mask  is  GREAT!  So  very 
comfortable,  I  don't  even  know  I 
have  it  on.  I  think  you  have  a 
winnerr 

"I  have  two  other  masks —  Ultra 
Mirage  is  the  best.  Fm  taking  the 
material  and  mask  to  show  my 
doctor  and  will  recommend  it  to 
him." 

"I  was  ready  to  give  up  on  the 
CPAP— until  I  went  to  a  sleep 
support  group  meeting  and  found 
your  mask  I  think  it  saved  my 
lifer 

'This  is  the  coolest  and  li^test 
mask  that  I  have  ever  used 
Thanks.^ 
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In  Search  of  a  Reliable  .\wareness  Monitor  (editorial) — Tempe  DK.  Anesth  Analg  2001:92(41: 
S()l-S()4. 


Pulmonary  Blood  Flow  Distribution  in  Stage  1  Chronic  Obstructive 
Pulmonary  Disease — Capdcrou  .A.  .Aurengo  .A.  Dercnne  JP.  Similowski 
T,  Zeller  M.  Am  J  Respir  Crit  Care  Med  2000  Dec:162(6):2073-2O78. 

We  investigated  the  hypothesis  that  lung  hlood  tlow  distribution  is  mod- 
ified in  stage  1  chronic  obstructive  pulmonary  disease  (COPD).  We 
compared  patients  with  stage  I  COPD  (n  =  U )  with  restrictive  patients 
with  comparable  blood  gases  (n  =  7),  to  patients  with  low  cardiac  inde.x 
with  normal  lungs  (n  =  II)  and  to  control  subjects  (n  =  11).  Distribution 
of  transit  time  (DTT)  was  computed  by  deconvolution  from  first  pass 
radioactivity  curves  (albumin  ""'"To  reconstructed  from  right  and  left 
ventricular  regions  of  interest.  Distribution  descriptors,  mean  transit  time 
(p  <  0.05).  standard  de\ialion  (p  <  0.001).  relative  dispersion  (p  < 
0.001),  and  kurtosis  (p  <  0.001)  differed  between  groups  (.ANOVA). 
Cardiac  index  was  the  same  in  COPD  and  low  CI  groups  but  lower 
compared  with  normal  subjects  (p  <  0.05).  After  normalization  for  car- 
diac output,  the  DTT  of  patients  with  COPD  remained  different  from  low 
CI  and  restrictive  patients  (p  <  0.00 1).  Therefore  changes  in  DTT  in 
patients  with  COPD  compared  w  ith  patients  without  COPD  could  not  be 
explained  on  the  basis  of  difference  in  cardiac  output.  Because  Pq,.  P<-o;- 
and  pH  were  similar  in  COPD  and  restrictive  groups,  difference  in  dis- 
tribution could  not  be  explained  either  on  the  basis  of  blood  gas  data.  We 
conclude  that  changes  in  DTI'  occurs  in  stage  1  COPD  and  cannot  be 
explained  by  hypoxemia,  hypercapnia,  or  acidosis  alone  but  must  relate 
to  other  structural  or  regulatory  responses, 

(iendcr-Related  Differences  in  Severe,  Early-Onset  Chronic  Obstruc- 
tive Pulmonary  Disease — Silverman  F.K.  Weiss  ST.  Dra/en  JM.  Chap- 


man HA,  Carey  V,  Campbell  EJ,  et  al.  Am  J  Respir  Crit  Care  Med  2000 
Dec:  162(6):2 152-2 158. 

Men  have  higher  prev  alence  rates  of  chronic  obstructive  pulmonary  dis- 
ease (COPD)  than  women,  which  has  been  attributed  to  the  historically 
higher  rates  of  cigarette  smoking  in  males.  How  ever,  the  increased  rates 
of  cigarette  smoking  in  females  within  the  last  several  decades  have  been 
associated  with  steadily  increasing  rates  of  COPD  in  women.  As  part  of 
a  study  of  the  genetics  of  severe,  early-onset  COPD,  we  assembled  a 
group  of  84  probands  with  severe,  early-onset  COPD  (without  severe 
alphai-antitrypsin  deficiency)  and  348  of  their  first-degree  relatives.  We 
found  a  markedly  elevated  prevalence  (71.4'7)  of  females  among  the 
early-onset  COPD  probands.  Among  the  entire  group  of  first-degree 
relatives  of  early-onset  COPD  probands,  univariate  analysis  demonstrated 
similar  spirometric  values  and  bronchodilator  responsiveness  in  males 
and  females:  however,  among  current  or  ex-smokers,  female  first-degree 
relatives  had  significantly  lower  FEV,/  FVC  (81.4  ±  17.2%  in  females 
versus  87.0  i  12.99^  in  males,  p  =  0.009)  and  significantly  greater 
bronchodilator  responsiveness  (expressed  as  percentage  of  baseline  FEV , ) 
(7.7  ±  9.4<^f  pred  in  females  versus  4.1  ±  6.4'r  pred  in  males,  p  = 
0.002).  Female  smoking  first-degree  relatives  were  significantly  more 
likely  to  demonstrate  profound  reductions  in  FEV,  (<  40't  pred)  than 
male  smoking  firsl-degree  relatives  (p  =  0.  03).  Multivariate  analysis, 
performed  with  generalized  estimating  equations,  demonstrated  that  cur- 
rent or  ex-smoking  female  first-degree  relatives  had  significantly  greater 
risk  of  FEV,  <  80'7r  pred  (OR  1,91,  95%  CI  1.03-  3.54).  FEV,  <  40% 
pred  (OR  3,56,  95%  CI  1 ,08-1 1 ,71 ),  and  bronchodilator  response  greater 
than  10%  of  baseline  FEV,  (OR  4.74.  95%  CI  1.91-1 1.75).  These  results 
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suggest  that  women  may  be  more  susceptible  to  the  development  of 
.severe  COPD. 


Effectiveness  of  Oseltanilvir  in  l'rf\enlin};  Influenza  in  Household 
Contacts:  A  Randomized  Controlled  Trial — Welliver  R.  Monto  AS, 
Carewicz  O,  Schatlcman  E.  Has.siiian  M.  Hedrick  J.  et  al.  JAMA  2001 
Feb  14:285(61:748 -754. 

CONTEXT:  Intlueii/a  virus  is  easily  spread  among  the  household  con- 
tacts of  an  infected  person,  and  prevention  of  influenza  in  household 
contacts  can  control  spread  of  influenza  in  the  community.  OBJECTIVE: 
To  investigate  the  efficacy  of  oscltamivir  in  preventing  spread  of  influ- 
enza to  household  loniaets  of  influenza-infected  inde.\  cases  (ICsl.  DE- 
SIGN AND  SETTINCi:  Randomized,  double-blind,  placebo-controlled 
study  conducted  al  76  cenlers  in  Nonh  .America  and  Europe  during  the 
winter  of  1998-199^.  PARTKTPANTS:  Three  hundred  seventy-seven 
ICs,  163  (43'^)  of  whom  had  lahoralory-conlirnied  influenza  infection, 
and  955  household  contacts  (aged  al2  years)  of  all  ICs  (415  contacts  of 
influenza-positive  ICs).  INTERVENTIONS:  Household  contacts  were 
randomly  assigned  by  household  cluster  to  take  75  mg  of  oseltamivir 
(n  =  493)  or  placebo  (n  =  462)  once  daily  for  7  days  within  48  hours  of 
symptom  onset  in  the  IC.  The  ICs  did  not  receive  antiviral  treatment. 
MAIN  OUTCOME  MEASURE:  Clinical  influenza  in  contacts  of  influ- 
enza-positive ICs.  confirmed  in  a  laboratory  by  detection  of  virus  shed- 
ding in  nose  and  throat  svsabs  or  a  4-fold  or  greater  increase  in  influenza- 
specific  serum  aniibody  tiler  between  baseline  and  convalescent  senim 
samples.  RESULTS:  In  contacts  of  an  influenza-positive  IC.  the  overall 
protective  efficacy  of  oseltamivir  against  clinical  influenza  was  89'7r  for 
individuals  (957r  confidence  interval  [CI].  67'7f-97'7r:  p<O.OOI)  and 
84'7f  for  households  (95'7r  CI.  499f-95%;  p<0.0OI).  In  contacts  of  all 
ICs.  oseltamivir  also  significantly  reduced  incidence  of  clinical  influenza, 
with  897r  protective  efficacy  (95^?-  CI.  7l9'r-96'7f ;  p<0.0OI ).  Viral  shed- 


ding was  inhibited  in  contacts  taking  oseltamivir.  with  M'7c  protective 
efficacy  {959c  CI.  57<7f-95'7r;  p<0.()()ri.  All  vims  isolates  from  oselta- 
mivir recipients  retained  sensitivity  to  the  active  metabolite.  Oseltamivir 
was  well  tolerated:  gastrointestinal  tract  effects  were  reported  with  sim- 
ilar frequency  in  oseltamivir  (9.3'/;  i  and  placebo  O.l'^'c )  recipients.  CON- 
CLUSION: In  our  sample,  postexposure  prophyla.xis  w  ith  oseltamivir.  75 
mg  once  daily  for  7  days,  protected  close  contacts  of  influenza-infected 
persons  against  influenza  illness,  prevented  outbreaks  within  households, 
and  was  well  tolerated. 


Diagnostic  Accuracy  of  a  Bedside  l)-l)imer  Assay  and  .Alveolar  Dead- 
Space  Measurement  for  Rapid  Evclusion  of  Pulmonary  Eml)olism:  .V 
.Multicenter  Study  Kline  JA.  Kt.icl  IXi.  Michelson  PA.  ONeil  BJ. 
Plewa  MC.  Fortelli  DC.  JAMA  2(1(11  leb  14:285(61:761-768. 

CONTEXT:  A  previous  study  suggested  ihai  the  combination  of  a  normal 
D-dimer  assay  and  normal  alveolar  dead-space  fraction  is  a  highly  sen- 
sitive screening  test  for  pulmonary  embolism  (PE).  OBJECTIVE:  To 
detennine  if  the  combination  of  a  normal  alveolar  dead-space  fraction 
(volume  of  alveolar  dead  space/tidal  volume  £20"^)  and  a  normal  whole- 
blood  agglutination  D-dimer  assay  can  exclude  PE  in  emergency  depart- 
ment (ED)  patients.  DESIGN:  Prospective,  noninlenenlional  study  con- 
ducted in  1998-1999.  Study  data  were  obtained  prior  to  standard  testing 
for  PE.  consisting  of  radionuclide  lung  scanning  or  contrast-enhanced 
computed  tomography  and  6-monlh  follow-up  plus  selective  use  of  ve- 
nous ultrasonography  and  pulmonary  angiography.  Imaging  studies  were 
interpreted  by  blinded  observers.  SETTING:  Six  urban  leaching  hospitals 
in  the  United  States.  PATIENTS:  A  total  of  380  hemodynamically  stable 
ED  patients  aged  18  years  or  older  with  suspected  acute  PE.  MAIN 
OUTCOME  MEASURES:  Sensitivity  and  specificity  for  PE  with  a  pos- 
itive test  defined  as  having  either  alveolar  dead-space  fraction  or  D-dimer 
assay  results  :ihnormal   .Alveolar  deail-space  fraction  was  detemiined  by 
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subtracting  airway  dcail  space  tnini  physiological  dead  space  (deler- 
mined  using  llic  moditled  Bohr  emulation)  and  D-dimer  assay,  assayed  al 
bedside  using  20  niicroL  ol  arterial  blood.  RKSUI.TS:  Pulmonary  em- 
bolism was  diagnosed  in  64  patients  (16.8%).  of  those  20  had  an  abnor- 
mal D-dimer  assay  result.  ^  had  an  abnormal  alveolar  dead-space  frac- 
tion. 40  had  abnormal  results  in  both,  and  I  had  normal  results  for  both 
tests.  The  sensitivity  for  diagnosis  of  PE  was  98.47r  (957(  confidence 
interval  |CI1.  ^) I. (>''/( -\mXW, ).  Among  the  316  patients  without  PK.  both 
D-dimer  and  dead-space  results  were  normal  in  l(i.\  for  a  specificity  of 
51.6'f  (45'/  CI.  46.1'*-57.l'7r).  Posterior  probability  of  Pli  with  normal 
results  on  both  tests  was  0.759;  (95<*  CI.  0':r-3.49r  I.  CONCLUSION:  In 
this  mullicenter  study  of  ED  patients,  a  normal  D-dimer  assay  result  plus 
a  normal  alveolar  dead-space  fraction  was  associatcil  vviih  a  lou  prc\a- 
lenee  of  PR. 

Quality  of  life  in  Patients  Awaitins  I.ung  Transplant:  Cystic  Fibro- 
sis \  ersus  Other  Kn<l-Slaj;e  lunj;  Diseases — Biiikcr  EJ.  Carels  RA. 
Thompson  LI-.  Rodgers  L.  Hgan  T,  Pcduitr  Piilimniol  2000  Dec;30(6l: 
453-460. 

The  symptoms  associated  wilh  chronic  lung  disease  can  impair  qualily  ol 
life  and  psychosocial  functioning.  The  purpose  of  the  present  study  was 
to  provide  a  thorough  baseline  assessment  of  quality  of  life  in  patients 
with  end-stage  lung  disease  and  being  evaluated  for  transplant;  and  to 
assess  potential  differences  in  quality  of  life  between  patients  with  cystic 
fibrosis  (CF)  and  those  wilh  other  types  of  end-stage  lung  disease  (e.g.. 
chronic  obstructive  pulmonary  disease  (COPD).  interstitial  pulmonary 
fibrosis  (IPF)).  We  evaluated  5S  patients  with  CF  and  52  patients  wilh 
other  types  of  end-stage  lung  disease  who  were  recruited  for  this  study 
during  an  assessment  of  their  candidacy  for  lung  transplant.  Subjects 
completed  a  battery  of  questionnaires  that  assessed  demographic  factors 
(including  work  and  educational  status),  the  presence  of  psychological 
distress  (anxiety  and  depression),  availability  of  social  support,  coping 
styles,  and  physical  functioning.  Despite  significant  impairment  in  phys- 
ical functioning  in  the  areas  of  recreation,  household  activities,  sleep,  and 
ambulation,  other  indices  of  life  quality  suggested  good  adaptation  in  the 
ma|orit\  of  patients.  Also,  quality  of  life  differed  for  patients  w  ith  CF  and 
for  those  with  other  types  of  end-stage  lung  disease.  Patients  with  CF 
were  more  likely  to  be  working,  had  lower  levels  of  an.xiety  and  higher 
levels  of  social  support,  and  used  more  functional  coping  strategies  than 
did  patients  with  other  end-stage  lung  disea-se.  These  results  highlight  the 
fact  that  patients  with  different  types  of  lung  disease  may  require  differ- 
ent psychosocial  services  as  they  await  transplant.  These  findings  also 
raise  the  question  of  whether  there  is  a  difference  in  quality  of  life  after 
transplant  between  patients  with  CF  and  those  with  other  types  of  lung 
disease. 

Self-Hypnosis  for  Patients  with  Cystic  Fibrosis— Anbar  RD.  Pediatr 
Pulmonol  2000  Dec;30(6):461-465. 

This  repon  documents  the  utility  of  self-hypnosis  in  patients  with  cystic 
fibrosis  (CF).  Sixty-three  patients  7  years  of  age  or  older  were  offered  the 
opportunity  to  be  taught  sell-hypnosis  by  their  pulmonologist.  Forty-nine 
agreed  to  learn  it.  Patients  generally  were  taught  hypnosis  in  one  or  two 
sessions.  The  outcome  ol  hypnotherapy  was  determined  by  patients' 
answers  to  open-ended  questions  regarding  their  subjective  evaluation  of 
the  efficacy  of  hypnosis.  The  average  age  of  the  49  patients  who  were 
taught  and  used  self-hypnosis  was  18.1  years  (range.  7-49  years).  Many 
of  the  patients  used  hypnosis  for  more  than  one  purpose,  including  re- 
laxation (61%  of  patients),  relief  of  pain  associated  with  medical  proce- 
dures (31% ).  headache  relief  ( 1 6%),  changing  the  taste  of  medications  to 
make  the  flavor  more  palatable  ( 10%).  and  control  of  other  symptoms 
associated  with  CF  ( 18%).  The  patients  successfully  ulili/'ed  self-hypno- 
sis 86%  of  the  time.  No  symptoms  worsened  following  hypnotherapy. 
Sixteen  patients  chose  to  practice  hypnosis  on  their  own  for  a  half  year 


or  longer.  In  conclusion,  with  the  use  of  self-hypnosis,  patients  with  CF 
can  quickly  learn  lo  enhance  their  control  over  discomlorts  associated 
wilh  therapy  and  their  disease.  Consideration  should  be  given  to  making 
insirucllon  in  self-hypnosis  available  lo  patients  v^ith  CF. 

Accumulation  of  CO,  in  Reservoir  Devices  During  Siniulaled  Neo- 
natal Mechanical  Ventilation — Lugo  RA.  Keenan  J.  Salyer  JW.  Pediatr 
Pulmonol  2000  Occ;.3()(6l:470-475. 

Aerosoli/cd  albuterol  is  liequenlly  adminislered  to  mechanically  venti- 
lated neonates  by  metered  dose  inhaler  (MDI)  and  a  reservoir  device. 
These  reservoirs  are  often  placed  between  the  Y-piece  and  endotracheal 
lube,  thereby  creating  mechanical  dead  space  and  increasing  the  risk  of 
rebreathing  carbon  dioxide  (CO^).  The  objectives  of  this  study  were:  1 ) 
to  quantify  CO,  accumulation  in  two  commonly  used  reservoirs  (ACE*. 
Aerochamber's-MV)  and  a  bidirectional  nonreservoir  actuator  (Airlife* 
Minispacer)  during  mechanical  ventilation  of  a  neonatal  lung  model;  and 
2 1  to  determine  the  effect  of  tidal  volume  ( V,^)  on  CO,  accumulation.  We 
hypothesized  thai  the  accumulation  of  CO,  in  these  devices  is  clinically 
Insignificanl  at  the  small  tidal  volumes  used  in  mechanically  ventilated 
premature  neonates.  The  model  was  constructed  to  simulate  CO,  exha- 
lation by  a  ventilated  neonate  and  consisted  of  a  neonatal  ventilator 
circuit  (rate  =  40/min;  peak  inspiratory  pressure  (PIP)  =  20  cm  H,0) 
attached  to  a  reservoir/actuator  and  neonatal  test  lung.  The  ventilator 
delivered  inspiratory  gas  (room  air)  to  the  test  lung,  which  was  vented 
into  the  atmosphere  by  a  small  adjustable  leak.  Expiration  was  simulated 
by  manually  ventilating  7.1%  CO,  (partial  pressure  of  CO,  (Pco;)  ~  48 
mm  Hg)  back  through  the  model.  Accumulation  of  CO,  within  the  res- 
ervoir/actuator was  measured  using  an  end-tidal  CO,  monitor.  Each  4-min 
experiment  was  conducted  at  three  V,  (7.5  niL.  15  mL.  and  25  iiiL).  and 
the  median  P^ ,,,  was  calculated  in  0.5-min  increments.  For  V^  =  7.5  mL. 
CO,  accumulated  slowly  in  the  ACE  and  Minispacer  and  reached  a 
maximum  at  4.0  min  (P<  „,  =  2.3  mm  Hg  and  7.3  mm  Hg.  respectively). 
In  contrast,  the  Aerochainber-MV  rapidly  reached  a  P^-o,  of  9.5-10.0  mm 
Hg  by  1-1.5  min.  A  similar  trend  occurred  with  V^  =  15  mL;  however. 
higher  partial  pressures  (approximately  10-12  mm  Hg)  were  achieved 
with  all  devices.  At  V^  =  25  mL.  Pc-„,  rose  rapidly  with  the  ACE. 
Aerochamber-MV.  and  Minispacer.  reaching  peaks  of  17.2.  12.3.  and 
20.3  mm  Hg.  respectively  (p  <  0.05).  In  conclusion,  accumulation  of 
CO,  in  reservoir/actuator  depends  on  V,  as  well  as  the  chamber  design 
and  internal  volume.  Due  to  the  short  duration  of  use  when  administering 
drugs  via  MDI.  accumulation  of  CO,  in  these  devices  is  not  likely  to  he 
clinically  relevant  for  the  majority  of  ventilated  newborns. 

Noninvasive  Ventilation  in  Immunosuppressed  Patients  with  Pulmo- 
nary infiltrates,  lever,  and  Acute  Respiratory  Failure — Hilbert  G. 
Gruson  D.  Vargas  F.  Valentino  R,  Ubikpi-Bemssan  G.  Dupon  M.  et  al. 
N  Engl  J  Med  2001  Feb  15:344(7 1:481-487. 

BACKGROUND:  Avoiding  intubation  Is  a  major  goal  in  the  manage- 
ment of  respiratory  failure,  particularly  in  Immunosuppressed  patients. 
Nevertheless,  there  are  only  limited  data  on  the  efficacy  of  noninvasive 
ventilation  in  these  high-risk  patients.  METHODS:  We  conducted  a  pro- 
spective, randomized  trial  of  Intermittent  noninv  asive  ventilation,  as  com- 
pared with  standard  treatment  with  supplemental  oxygen  and  no  venti- 
latory support,  in  52  immunosuppressed  patients  with  pulmonary 
infiltrates,  fever,  and  an  early  stage  of  hypoxemic  acute  respiratory  fail- 
ure. Periods  of  noninvasive  ventilation  delivered  through  a  face  mask 
were  alternated  every  three  hours  w  ith  periods  of  spontaneous  breathing 
with  supplemental  oxygen.  The  ventilation  periods  lasted  at  least  45 
minutes.  Decisions  to  intubate  were  made  according  to  standard,  prede- 
termined criteria.  RESULTS:  The  base-line  characteristics  of  the  two 
groups  were  similar;  each  group  of  26  patients  included  15  patients  with 
hematologic  cancer  and  neutropenia.  Fewer  patients  in  the  noninvasive- 
ventilation  group  than  In  the  siandard-trealment  group  required  endolra- 
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program 

Taking  the  Mystery 

Out  of  Weaning  the 
Pediatric  Patient 
from  the  Ventilator 

Peter  Betit,  BS.  RRT,  FAARC, 
and  Richard  D,  Branson, 
BA.  RRT.  FAARC 

Learn  when  to  begin  the  process,  how 
to  recognize  critical  events  in  weaning 
a  pediatric  patient,  and  why  weaning 
of  the  pediatric  patient  is  different. 
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Pulmonary  Rehabilitation: 
Standard  Care  for  Chronic 
Lung  Disease  Patients 

Trina  bmberg,  BS,  RRT,  and 
Thomas  J.  Kallstrom,  RRT  FAARC 

Presentation  details  when  to  refer  a 
patient  for  pulmonary  rehabilitation, 
how  to  successfully  operate  a  rehabili- 
tation service,  and  how  to  prepare  a 
treatment  plan  during  assessment. 

Videotape  available 


Noninvasive  Ventilation: 
The  Latest  Word 

Dean  R  Hess,  PhD,  RRT  FAARC,  and 
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that  patients  understand  the  disease 
and  their  care  plan  for  effective  disease 
management  And,  it  details  what 
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Sponsored  in  part  by  an  educational 
grant  from  Sepracor,  Inc. 
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ARDS:  The  Disease  and 
Its  Management  ^^ 

Leonard  D  Hudson,  MD, 

and  David  J.  Pierson,  MD,  FAflJRC 

Presents  ARDS  diagnostic  criteria  and 
clinical  risk  factors  Teaches  viewers  the 
implications  of  the  lower  and  upper 
inflection  points  on  the  pressure-vol- 
ume curve,  and  the  calculation  of  esti- 
mated required  tidal  volume. 
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What,  When,  and  How? 

Joseph  L.  Rau,  PhD,  RRT  FAARC, 
and  Patrick  J.  Dunne,  MEd,  RRT 
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clioal  iiuubulion  (12  \>..  20.  p  ().()3).  h;ul  mtuhis  LoniplKMlicms  1 13  vs, 
21.  p=().()2>.  dicil  in  the  inlensivc  care  unil  1 10  \s.  IS.  p  =  (1.03).  or  ilicd 
in  the  hospital  (1.3  vs.  21.  p  =  ().02).  CONCLUSIONS:  In  selected  iminii- 
nosuppiesseil  patients  with  pneumonitis  and  acute  respiratory  lailure. 
early  initiation  of  noninvasi\e  ventilation  is  associated  with  significant 
reductions  in  the  rales  of  endotracheal  intubation  and  serious  complica- 
tions and  an  improved  likelihood  of  survival  to  hospital  discharge. 

Wilhhdhlinuand  \\  ilh<lra«al  of  life  Support  in  InliiisJM-Carc  I  nils 
ill  France:  A  l'nispecli>c  SiirM>.  Iiench  I.AIARKA  (iroup     I  oi 

rand  E.  Roheil  R.  Inijrand  P.  Lemaire  F.  Lancet  2001  Jan  (r.}51{9Z4^)): 
9-14. 

BACKGROUND:  In  France,  there  are  no  guidelines  available  on  with- 
holding and  \\ithdrawal  of  life-sustaining  treatments,  and  information  on 
the  frequency  of  such  decisions  is  scarce.  MHTHODS:  We  undertook  .i 
prospective  2-month  survey  in  1 1.3.  of  a  total  of  220.  intensive-care  units 
(ICUs)  in  France  to  study  the  frequency  of.  and  processes  leading  to. 
decision.s  to  withhold  and  withdraw  life-sustaining  treatments.  FIND- 
INGS: Life-supporting  therapies  were  withheld  or  withdrawn  in  807 
(1 1.0%)  of  7309  patients  (withholding  in  336  |4.6<7r]  and  withdrawal  in 
471  [6.4%].  preceded  in  358  by  withholding).  Of  1 175  deaths  in  ICU. 
628  (53% )  were  preceded  by  a  decision  to  limit  life-supporting  therapies. 
Futility  and  poor  expected  quality  of  life  were  the  most  frequently  cited 
reasons.  Decisions  were  strongly  correlated  with  the  simplified  acute 
physiological  score,  but  an  independent  centre  effect  persisted  after  ad- 
justment for  this  score.  Decisions  were  mostly  taken  by  all  the  ICU 
medical  staff,  with  (54% )  or  without  (34%)  the  nursing  staff;  however,  a 
single  physician  made  decisions  in  12%  of  cases.  The  patient's  family 
was  involved  in  the  decision-making  process  in  44%  of  cases.  The  pa- 
tient's willingness  to  limit  his  or  her  own  care  was  known  in  only  8%  of 
the  cases;  only  0.5%  of  the  patients  were  involved  in  decisions.  INTER- 
PRETATION: Withholding  and  withdrawal  of  life-suppon  therapies  are 
widely  practised  in  French  ICUs.  despite  their  prohibition  by  the  French 
legislation.  The  lack  of  an  official  statement  from  French  scientific  bod- 
ies may  explain  several  limitations  on  the  various  steps  of  the  decision- 
making process. 

A  Randomized.  Dniible-Biinded  Comparison  of  Intrathecal  Mor- 
phine. Sufentanil  and  Their  C  onibinalion  \  ersus  I.\  .  Morphine  Pa- 
tient-Controlled Analgesia  for  Postthoracotoniv  Pain — Liu  N.  Kuhl- 
man  G.  Dalibon  .N.  Moulafis  M.  Levron  JC.  Fischler  M.  Anesth  Analg 
2001  .lan;92(l):31-36. 

We  compared  the  analgesic  effect  of  lumbar  intrathecal  (IT)  0.5  mg 
morphine  (Group  M.  n  =  10).  50  microg  sufentanil  (Group  S.  n  =  10). 
and  their  combination  (Group  S-M.  n  =  10)  given  before  general  anes- 
thesia and  patient-controlled  analgesia  with  I.V.  moiphine  (Group  C.  n  = 
19)  in  a  randomized,  double-blinded  study  performed  in  patients  under- 
going thoracotomy.  Pain  \isual  analog  scale  (VAS)  and  morphine  con- 
sumption were  assessed  for  24  h.  In  Group  S-M  the  number  of  patients 
initially  titrated  with  I.V.  morphine  was  less  than  in  group  C  (30  vs  84%, 
p  <  0.05).  Morphine  requirement  was  higher  in  Group  C  (71  ±30  mg) 
than  in  Groups  S  (46  ±  .34  mg,  p  <  0.05),  M  (38  ±  31  mg,  p  <  0.05) 
and  S-M  (23  ±  16  mg.  p  <  0.01).  VAS  scores  were  significantly  de- 
creased during  the  first  0-1 1  postoperative  h  at  rest  and  during  the  first 
0-8  postoperative  h  on  coughing  in  Groups  M  and  S-M  rather  than  in 
Group  C.  The  incidence  of  side  effects  w  as  infrequent  except  for  urinary 
retention.  Preoperative  IT  morphine  or  combined  sufentanil  and  mor- 
phine could  be  given  as  a  booster  to  achieve  rapidly  effective  analgesia 
in  the  immediate  postoperative  period.  Implications:  As  compared  with 
I.V.  patient-controlled  analgesia,  intrathecal  morphine  or  combined  sufen- 
tanil and  morphine  provided  superior  postoperative  pain  relief  both  at  rest 
(11  hi  and  on  coughing  (8  h)  than  did  I.V.  patient-conlrolled  analgesia 


morphine  alone.  IV.  morphine  requirement  was  decreased  during  the 
lust  postoperative  day  after  posterolateral  tlior;icolomy. 

Volume  Wnlilalion  of  Infants  with  ((inyenital  Heart  Disease:  A 
(  oniparison  of  Diiitjer,  NAD  6001)  and  Sieiiuiis,  Sir\o  900t  \  enti- 
lators — Stayer  SA.  .Andropoulos  DB.  Bent  SI .  McKen/ie  KD.  Fraser 
CD.  Anesth  Analg  2001  Jan;92(  I  ):76-79. 

We  compared  the  ventilation  and  pulmonary  mechanics  produced  by  a 
new  anesthesia  ventilator  (NAD  6(K)0)  using  a  circle  system  with  that 
produced  by  a  critical  care  ventilator  (Servo  9(K)C)  using  a  nonrebreath- 
ing  circuit  in  infants  with  congenital  heart  disease.  Twenty  patients,  aged 
I  day  to  7  mo.  weighing  2.1  to  4.6  kg,  were  studied.  The  NAD  6000  had 
improved  alveolar  ventilation:  PaC0(2)  43  ±  8  vs  47  ±  5  mm  Hg  (p  = 
().()05l.  end-tidal  CO,  34  ±  7  vs  37  ±  5  mm  Hg  (p  =  0.042);  larger 
inspired  tidal  volumes  12.9  ±  2.8  vs  1 1.3  ±  2.2  mL/kg  (p  <  0.001 1.  but 
w  iih  higher  mean  airway  pressures  9.7  ±  1 .6  vs  8.6  ±  1 .3  cm  H,0  Ip  < 
0.001).  These  differences  in  ventilation  and  airway  pressures  were  not 
clinically  significant.  Although  there  were  differences  in  observed  ven- 
tilatory variables,  both  machines  provided  adequate  ventilation  when  set 
in  the  volume  control  mode.  Implications:  We  compared  two  ventilators 
for  use  in  infants.  Twenty  infants  undergoing  surgery  for  congenital  heart 
defects  were  randomized  to  receive  ventilation  first  with  one  ventilator, 
then  with  the  other.  Although  there  were  differences  in  observed  venti- 
latory variables,  both  machines  prov ided  adequate  ventilation  when  set  in 
the  volume  control  mode. 

The  Effect  of  Breath  Termination  Criterion  on  Breathing  Patterns 
and  the  Work  of  Breathing  During  Pressure  Support  \  entilation — 

Tokioka  H.  Tanaka  T.  Ishizu  T.  Fukushima  T.  Iwaki  T.  Nakamura  Y. 
Kosogabe  Y.  Anesth  Analg  2001  Jan;92(  1 1:161-165. 

With  pressure  support  \  entilation  1 PSV  I.  each  PS V  breath  is  fiow-cycled, 
and  the  breath  temiination  criterion  (TCl  is  usually  nonadjustable.  When 
TC  does  not  match  the  interaction  between  the  patients  inspiratory- 
expiratory  efforts  to  the  opening  and  closing  of  the  inspiratory  and  ex- 
piratory valves,  patient-ventilator  asynchrony  may  occur,  and  the  work  of 
breathing  (WOB)  may  increase.  Therefore,  we  studied  the  effect  of  TC 
on  breathing  patterns  and  WOB  during  PSV  in  eight  patients  with  acute 
respiratory  distress  syndrome  or  acute  lung  injury .  We  studied  five  levels 
of  TC  during  PSV-1%.  5%.  20%.  35%.  and  45%  of  the  peak  inspiratory 
fiow.  With  increasing  levels  of  TC.  the  tidal  volume  decreased  and 
respiratory  frequency  increased,  along  with  a  decrease  in  duty  cycle. 
WOB  markedly  increased  with  increasing  le\  els  of  TC  from  0.3 1  s  0. 1 2 
J/L  withTC  1%  to  0.51  ±0.11  J/L  with  TC  45%.  Premature  termination 
with  double  breathing  occurred  in  one  patient  with  TC  35%  and  four 
patients  with  TC  45%.  Delayed  termination  with  a  duty  cycle  of  >0.5 
occurred  in  two  patients  with  TC  1%.  In  conclusion,  the  proper  adjust- 
ment of  TC  improves  patient-ventilator  synchrony  and  decreases  WOB 
during  PSV.  Implications:  Although  termination  criterion  iTC)  is  usually 
nonadjustable.  it  infiuenccs  the  effectiveness  of  pressure  support  venti- 
lation for  mechanical  ventilation.  The  proper  adjustment  of  TC  is  crucial 
to  improve  patient-ventilator  synchrony  and  decrease  work  of  breathing. 
TC  5%  of  the  peak  inspiratory  fiow  may  be  the  optimal  \  alue  for  patients 
with  acute  respiratory  distress  syndrome  or  acute  lung  injury. 

Negative  Pressure  Rcwarming  vs.  Forced  Air  Warming  in  H>  pother- 
mic  Postanesthetic  Volunteers — Taguchi  A.  Arkilic  CF.  Ahluwalia  A, 
Sessler  Dl.  Kur/  A.  Anesth  Analg  2001  Jan;92(  1  ):26 1-266. 

We  compared  changes  in  core  temperature  and  systemic  heat  balance 
with  a  new  negative  pressure/warming  device  (Vital  Heat*^)  that  uses 
negative  pressure  combined  with  heat  to  facilitate  wanning  in  vasocon- 
stricted  postoperative  patients  to  those  resulting  from  passive  insulation 
or  forced  air.  Seven  health\  volunteers  were  anesthetized  and  cooled  to 
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Low  Cost  CO 
Validation 

for  Smoking  Cessation 
Programs 


CD  Baalli  Mmmors  :irc  now 
iicccpicil  ii'.  a  simple  ami  cITcc- 
li\t;  means  for  \aliilalinj:  smok- 
ing eossalion  projirains  ami  pro- 
viding motivation  and  a  progress  record  lor  smokeis  «  ho  aic  ii\  ing  to 
i|uit.  Bedlonl  .Seienlifie  has  now  addressed  this  problem  with  the  new 
piCO  Sinokerlv/er  .  With  a  I'.S.  list  price  ol  S65().()(l  +  shipping  iji 
handling,  the  piCO  Smokerly/er   is  significanll)  less  e\pensi\e  than 
an\  other  CO  Bieath  Monitor  currently  asailahle  and  comes  with  a  2 
Near  warranty.  This  low  price  will  ensure  more  widespread  use  in 
Clinics  and  General  Practice. 

By  utilizing  innovative  design  and  new  sensor  technology,  the  piCO 
Smokerly/er   mainlains  the  pertormaiice  and  acciuacy  ot  previous 
Bedfont  instruments  while  providing  unique  new  features.  The  unit  is 
very  compact,  haltery  powced,  and  easy  to  use  and  calibrate  by  non- 
technical and  non-clinical  stall.  Readings  are  displayed  on  a  simple-to- 
interpret  colored  I.KD  display  that  gives  instant  visual  feedback  to  the 
smoker  as  well  as  an  accuiate  reading  m  PPM  CO.  Disposable  mouth- 
pieces ensure  hygienic  operation  and  other  parts  of  the  sampling  sys- 
tem can  also  be  easily  and  inex[iensively  replaced  at  regular  intervals. 

The  piCO-CH.ART  Software  allows  a  PC  to  be  connected  directly  to 
the  instrument  to  provide  a  virtual  display  of  the  unit  and  a  report  lor 
records  t>r  for  the  smoker  to  take  awa\. 


Contact  Earl  A  Aversano 
Innovative  Medical  Marketing 

T/A  Bedfont  Scientific,  USA  •  30  Jackson  Road  Suite  B-3  •  Medford,  NJ 

08055-9280  •  Phone:  (609)  654-5561  •  Fax  (609)  654-9878 

Web  Page:  www.bedfontusacom  •  E-mail  eaaS'bedfontusa.com 

Circle  161  on  product  info  carcJ 
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Active  Servo  Lung  (asl  5000) 
Adult.  Pediatric TMeonatal 
Breathing  Simulator 
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IngMar  Medical ... 
Expanding  the  Vision 
of  Respiratory;  Care 


•  Precision  lung 
model  and  flow 
waveform  generator 

•  Spontaneous  or 
passive 

•  Breath  by  breath 
parameter  changes 

•  l,ihVlF\V-'bas(>d 

For  researc  h,  product 
development,  and 
testing  of  respiratory 
therapy  devices. 


Tel:  800-583-9910 
Fax:412-683-8404 

www.ingmarmed.fom 
inlo(3)ingmarmed.com 


Circle  140  on  product  info  card 


MARK  YOUR  CALENDARS! 
FUTURE  AARC  CONGRESSES 

December  1-4,  2001 
San  Antonio,  Texas 

October  5-8,  2002 
Tampa,  Florida 

December  8-11,  2003 
Las  Vegas,  Nevada 

December  4-7,  2004 
New  Orleans,  Louisiana 
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I   Explore  the  Wonders...  f 

San  Antonio  has  a  wide  range  of  activities.  Don't  miss  them  when 
you  attend  the  AARC's  International  Respiratory  Congress. 
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Just  a  flight  of  steps  below  our  bustling  downtown,  winds  San  Antonio's  renowned  River  Walk. 
Shaded  by  giant  cypress  trees  and  accented  by  lush  tropical  greenery,  the  banks  of  this  lovely 
retreat  are  lined  with  sidewalk  cafes,  shops,  galleries  and  clubs.  Climb  aboard  a  Yanaguana 
Cruiser  for  a  scenic  ride.  Or  relax,  sip  a  cool  drink  and  enjoy  everything  from  nachos  to  a  4-star 
meal.  At  night,  the  clubs  overflow  with  music,  dancing  and  visitors  from  around  the  world. 

"Failure  Is  Not  an  Option" 

While  you  explore  the  River  Walk  of  San  Antonio,  you  can  reflect  on  space 
at  the  AARC's  International  Respiratory  Congress  with  our  keynote  lec- 
turer, Gene  Kranz.  Kranz  was  the  leader  of  the  flight  directors  who  brought 
the  Apollo  13  spacecraft  safely  back  to  Earth  on  April  17,  1970. 

Kranz  will  use  the  motto  that  earned  him  through  the  Apollo  13  crisis, 
"Failure  is  not  an  option,"  as  the  major  theme  of  his  motivational  message. 
Actor  Ed  Harris  potrayed  Kranz  in  the  film,  "Apollo  13,"  which  chronicled 
Kranz's  struggle  to  devise  the  plan  that  would  safely  bring  the  ship  and  its 
crew  of  three  astronauts  home  after  its  oxygen  system  failed. 

In  2001 ,  the  Congress  will  be  held  Dec.  1-4  in  San  Antonio,  TX.  For  47  years  the  AARC  has 
sponsored  the  "gold  standard"  of  respiratory  care  meetings.  As  the  longest  running 
respiratory  therapy  convention  in  the  world,  the  AARC's  annual  show  boasts: 
'   The  lowest  cost  of  continuing  education  per  credit  of  any  show,  any  where. 

•  The  largest  and  most  impressive  exhibit  hall  with  the  most  vendors. 

•  The  largest  gathering  of  respiratory  care  experts  in  the  world. 

•  The  most  diverse  and  most  dynamic  series  of  lectures. 

•  The  largest  presentation  by  RTs  of  original  research  in  the  profession. 

•  The  most  opportunities  for  YOU  to  participate  in  your  profession  through 
research  and  networking. 

Register  by  October  15  and  enjoy  savings! 

Active  Members:  $300  ($330  after  Oct.  15) 

Associate  Members:  $300  ($330  after  Oct.  15) 

Student  Members:  $140  ($145  after  Oct.  15) 

Non-Members:  $440  ($465  after  Oct.  15) 

Exhibitors:  $230  ($240  after  Oct.  15) 

Hotel  reservation  materials  will  be  available  soon. 
Secure  your  low-cost  registration  fee  now!  Register  online  at  www.aarc.org 
or  contact  the  AARC  at  (972)  243-2272. 
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December  1-4,  2001  •  San  Antonio,  Texas,  USA 
47th  International  Respiratory  Congress 

Learn  more  about  San  Antonio,  a  great  holiday  destination  at 
www  sanantoniocvb.com 


TRAVEL  TIP: 

paseo  del  rio 

association 

(210)227-4262 

http://thesanantonio 

riverwalk.com 
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Abstracts 


a  ivmpanic  rnombraiK-  Icmpcialuie  near  34  degrees  C.  Ancslhcsia  was 
diseominiicd  and  shiverins;  was  prevented  by  using  meperidine.  The  \a 
siiconsirieied  \olunieers  were  rewarnicd  for  2  h  using  ihree  randonil) 
assigned  methods:  I)  Vital  Heat  phis  cotton  blanket:  2)  one  layer  of 
cotton  blanket:  .1)  Ibrccd-air  warming.  Thermal  tlu.x  was  recorded  t'roni 
1?  skin-surface  sites:  metabolic  heal  production  was  estimated  from  total 
bod\  owgen  consumption.  Metabolic  heat  production  remained  constant 
throughout  the  stud\ .  Systemic  heat  loss  remained  constant  during  warm- 
ing with  cotton  blankets  but  decreased  signillcantly  during  the  other 
treatments.  Systemic  heat  balance  increased  significantly  more  w  ilh  forced 
air(l40±  21  kcal)  than  with  Vital  Heat  (66  ±  19  kcall  or  cotton  blankets 
(47  ±  18  kcal).  Core  temperature  increased  no  faster  with  Vital  Heat 
warming  (1.3  ±  0.4  degrees  C)  than  with  a  cotton  blanket  (1.2  ±  0.4 
degrees  C).  In  contrast,  core  temperature  increased  more  rapidly  with 
forced  air  warming  (2.6  ±  0.6  degrees  C).  In  this  study  we  show  that 
calories  from  a  negati\e  pressure  rewarming  device  are  largely  con- 
strained to  the  forearm  and  that  heat  does  not  flow  to  the  core  thermal 
compartment. 

\  \  ideographic  Analvsis  iif  laryngeal  Kvposiire  Coinparing  the  Ar- 
liculalinj;  laryngoscope  and   lAleriial   Laryngeal   Manipulation — 

Ochroch  EA.  Levitan  RM.  Anesth  Analg  :()()1  .lan;92(  1 1:267-270. 

Acli\ation  of  the  articulating  laryngoscope  and  external  laryngeal  ma- 
nipulation (F.l-Mi  imprcne  laryngeal  exposure  during  direct  laryngos- 
copy. We  used  a  head-mounted  direct  laryngoscopy  imaging  system  and 
a  previously  validated  scoring  system  for  assessing  laryngeal  view  (the 
percentage  of  glottic  opening  or  POGO  score)  on  33  adult  patients  un- 
dergoing laryngoscopy.  On  each  patient,  we  videotaped  the  initial  laryn- 
geal exposure  (blade  not  activated),  the  view  with  activation  of  the  blade. 
and  the  view  with  operator-directed  external  laryngeal  manipulation.  The 
video  recordings  were  reviewed  and  the  laryngeal  view  assessed  with 
POGO  scores.  POGO  scores  improved  with  blade  activation  in  9/33 
(279^)  of  patients  vs  28/33  (85%)  of  patients  with  ELM.  In  nearly  half  of 
patients  studied  (16/33,  4&Vc)  POGO  scores  decreased  with  blade  acti- 
vation. We  conclude  that  ELM  is  superior  to  articulating  laryngoscope 
blade  activation  in  improving  POGO  scores  during  laryngoscopy  on  adult 
patients  in  standard  sniffing  position.  Using  recordings  from  a  direct 
laryngoscopy  \ideo  system,  we  compared  laryngeal  views  in  33  patients 
with  a  special  articulating  laryngoscope  blade  to  views  achieved  by  ex- 
ternal laryngeal  manipulation  (pressing  on  the  patient's  neck).  Laryngeal 
exposure,  which  is  important  for  placement  of  tracheal  tubes,  was  better 
with  external  laryngeal  manipulation. 

Early  Diagnosis  of  (  yslic  librosis  Through  Neonatal  Screening  Pre- 
vents Se>ere  Malnulritiiin  and  Improves  Long- lerin  (Jrowth.  Wis- 
consin Cystic  Fibrosis  Neonatal  Screening  Study  Group — Farrell  PM, 
Kosorok  MR.  Rock  MJ,  l.axova  A.  Zcng  L.  Lai  IIC,  et  al.  Pediatrics  2001 
Jan:107(l):l-13. 

OBJECTIVE:  Despite  its  relative  frequency  among  autosomal  recessive 
diseases  and  the  availability  of  the  sweat  test,  cystic  fibrosis  (CF)  has 
been  difficult  to  diagnose  in  early  childhood,  and  delays  can  lead  to 
severe  malnutrition,  lung  disease,  or  even  death.  The  Wisconsin  CF 
Neonatal  Screening  Project  was  designed  as  a  randomi/ed  clinical  trial  to 
assess  the  benefits  and  risks  of  early  diagnosis  through  screening.  In 
addition,  the  incidence  of  CF  was  determined,  and  the  validity  of  our 
randomization  method  assessed  by  comparing  16  demographic  variables. 
METHODOLOGY:  Immunoreactive  trypsinogen  analysis  was  applied  to 
dried  newborn  blood  specimens  for  recognition  of  CF  risk  from  1985  to 
1991  and  was  coupled  to  DNA-based  detection  of  the  DeltaF508  muta- 
tion from  1991  to  1994.  Randomization  of  650  341  newborns  occurred 
when  their  blood  specimens  reached  the  Wisconsin  screening  laboratory. 
This  created  2  groups:  an  early  diagnosis,  screened  cohort  and  a  standard 
diagnosis  or  control  group.  To  avoid  selection  bias,  we  devised  a  in)ii|ue 


iMiblmduig  method  vMih  a  sLirseillance  program  lo  completely  identify 
the  control  subjects.  Because  sequential  analysis  of  nutritional  outcome 
measures  revealed  significantly  better  growth  in  screened  patients  during 
1996,  we  accelerated  the  unblinding  and  completely  identified  the  control 
group  by  April  1998.  Having  each  member  of  this  cohort  enrolled  and 
evaluated  for  al  least  1  year  and  having  completed  a  comprehensive 
surveillance  program,  we  performed  another  statistical  analysis  of  an- 
thropometric evaluated  indices  that  includes  all  CF  patients  without  meco- 
nium ileus.  RESl'LTS:  The  incidence  of  classical  CF.  ie,  patients  diag- 
nosed in  this  trial  with  a  sweat  chloride  of  60  mliq/L  greater,  was  1:4189. 
By  incorporating  other  CF  patients  born  during  the  randomi/atii)n  period, 
including  2  autopsy  diagnosed  patients  and  K  probable  patients,  we  cal- 
culate a  maximum  incidence  of  1:3938  (95%  confidence  interval:  3402- 
4611),  Although  there  were  group  differences  in  the  proportion  of  pa- 
tients with  DeltaF508  genotypes  and  with  pancreatic  insufficiency,  validity 
of  the  randomization  plan  was  demonstrated  by  analyzing  16  demo- 
graphic variables  and  finding  no  significant  difference  after  adjustment 
for  multiple  comparisons.  Focusing  on  patients  without  meconium  ileus, 
we  found  a  marked  difference  in  the  mean  i  standard  deviation  age  of 
diagnosis  for  screened  patients  (13  ±  37  weeks),  compared  with  the 
standard  diagnosis  group  ( 100  ±  1 17).  Anthropometric  indices  of  nutri- 
tional status  were  significantly  higher  at  diagnosis  in  the  screened  group, 
including  length/height,  weight,  and  head  circuinference.  During  13  years 
of  study,  despite  similar  nutritional  therapy  and  the  inherently  better 
pancreatic  status  of  the  control  group,  analysis  of  nutritional  outcomes 
revealed  significantly  greater  growth  associated  with  early  diagnosis. 
Most  impressively,  the  screened  group  had  a  much  lower  proportion  of 
patients  with  weight  and  height  data  below  the  lOth  percentile  throughout 
childhood.  CONCLUSIONS:  .Although  the  screened  group  had  a  higher 
proportion  of  patients  with  pancreatic  insufficiency,  their  growth  indices 
were  significantly  better  than  those  of  the  control  group  during  the  13- 
year  follow-up  evaluation  and,  therefore,  this  randomized  clinical  trial  of 
early  CF  diagnosis  must  be  interpreted  as  unequivocally  positive.  Our 
conclusions  did  not  change  when  the  height  and  weight  data  before  4 
years  of  age  for  the  controls  detected  by  unblinding  were  included  in  the 
analysis.  Also,  comparison  of  growth  outcomes  after  4  years  of  age  in  all 
subjects  showed  persistence  of  the  significant  differences.  Therefore, 
selection  bias  has  been  eliminated  as  a  potential  explanation.  In  addition, 
the  results  show  that  severe  malnutrition  persists  after  delayed  diagnosis 
of  CF  and  that  catch-up  may  not  be  possible.  We  conclude  that  early 
diagnosis  of  CF  through  neonatal  screening  combined  with  aggressive 
nutritional  therapy  can  result  in  significantly  enhanced  long-term  nutri- 
tional status. 

Qualitative  Study  of  N'iews  of  Health  Professionals  and  Patients  on 
(;uided  Self  Management  Plans  for  Asthma  Jones  A.  Pill  R.  Adams 
S.  BMJ  2()()()  Dec  16:321(7275):15()7-1.S1(). 

OBJECTIVES:  To  explore  the  views  held  by  general  practitioners,  prac- 
tice nurses,  and  patients  about  the  role  of  guided  self  management  plans 
in  asthma  care.  DESIGN:  Qualitative  study  using  nine  focus  groups  that 
each  met  on  two  occasions.  SETTING:  South  Wales.  SUBJECTS:  13 
asthma  nurses,  II  general  practitioners  (six  with  an  interest  in  asthma), 
and  32  patients  (13  adults  compliant  with  treatment.  12  non-compliant 
adults,  and  seven  teenagers).  RESULTS:  Neither  health  professionals  nor 
patients  were  enthusiastic  about  guided  self  management  plans,  and. 
although  for  different  reasons,  almost  all  participants  were  ambivalent 
about  their  usefulness  or  relevance.  Most  professionals  opposed  their  use. 
Few  patients  reported  sustained  use.  and  most  felt  that  plans  were  largely 
irrelevant  to  them.  The  attitudes  associated  with  these  views  rellect  the 
gulf  between  the  professionals'  concept  of  the  "responsible  asthma  pa- 
tient" and  the  patients'  view.  CONCLUSIONS:  Attempts  to  introduce 
self  guided  management  plans  in  primary  care  are  unlikely  to  be  suc- 
cessful. A  more  patient  centred,  patient  negotiated  plan  is  needed  for 
asthma  care  in  the  community. 
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DuoNeb^'^ 

(Ipratropium  Bromide  0.5  mg/Albuterol  Sulfate  3.0  mg') 

Inhalation  Solution 

"Equivalent  to  2  5  mg  albuterol  base 

BRIEF  SUMMARY  OF  PRESCRIBING  INFORMATION 
INDICATIONS  ANO  USAGE 

C    ';•  r      iij'tji'U  lor  II*  iiejiiiieiii  oi  uiuiitnciiusm  associated  witli  COF^  in  patients  requimo  more  than 

.  :  ■      •■  I  liljlor 
CONTRAINDICATIONS 

DuoNet)  IS  conlraindicated  in  patients  with  a  tiisloiy  ol  hypersensitivily  to  any  ot  its  components,  or  to  atropine 
and  lis  derivatives 
WARNINGS 

Psradoiical  Bronctiospasm;  In  Itie  clinical  study  ot  DuoNeO  paradoxical  bronchospasm  was  nol  otiserved 
However  paf3do»i:,ii  Cicchospasm  fus  Oeen  observed  wilfi  both  mrialed  ipratropium  bromide  and  albuterol 
products  and  can  De  hfe  threalenmg  It  tfiis  oaurs.  DuoNeb  sbould  be  discontinued  immediately  and  alternative 
ttierapv  msliluted 

Do  Not  Eiceed  Recommendei)  Dose;  Fatalities  liave  been  reported  in  association  Willi  excessive  use  ol  intialed 
products  coniairung  sympalliomimelic  amines  and  with  the  home  use  of  nebulizers. 
Canllovasculai  Etitct:  DuoNeb.  like  other  beta  adrenergic  agonists,  can  produce  a  clinically  signiticant  cardio- 
vascular etieci  m  some  patients  as  measured  by  pulse  rale,  blood  pressure,  and/or  symptoms  Although  such 
ellects  are  uncommon  lor  DuoNeb  al  recommended  doses,  il  Ihey  occur.  Ihe  drug  may  need  to  be  discontin- 
ued In  addition  beta  agonists  have  been  reported  to  produce  ECG  changes,  such  as  llattening  ol  Itie  T-wave. 
prolongalion  ol  the  QTc  interval  and  ST  segment  depression  The  clinical  significance  ol  Ihese  lindings  is 
unknown  Thereloie  DuoNeb  like  other  sympalhomimelic  amines  should  be  used  with  caution  in  palienis  wilh 
cardiovasculai  disorders  especi.iily  coronary  insuHiciency.  cardiac  arrhythmias,  and  hypertension 
Immedlale  Hypetsenslllvity  Reactions:  Immediate  hypersensibvity  reactions  to  albuterol  and/or  ipratropium 
bromide  may  occur  after  the  administrabon  ot  DuoNeb  as  demonstrated  by  rare  cases  ol  uriicaha.  angioedema. 
rash,  pruritus,  oropharyngeal  edema,  bronchospasm,  and  anaphylaxis 

raECAunoNS 

General 

1  Etiects  Seen  with  Sympathomimetic  Drugs  As  with  all  products  containing  sympathomimelic  amines. 
DuoNeb  should  be  used  with  caution  m  patients  v/ith  cardiovascular  disorders  especially  coronary  insufficiency, 
cardiac  arrhythmias  and  hypertension  in  patients  vnth  convulsive  disorders,  hyperthyroidism,  or  diabetes  mel- 
litus;  and  in  patients  who  are  unusually  responsive  to  sympathomimetic  amines  Large  doses  of  intravenous 
albuterol  have  been  reported  to  aggravate  pre-existing  diat)etes  mellitus  and  ketoacidosis  Additionally  |)-agonists 
may  cause  a  decrease  m  serum  potassium  m  some  patients,  possibly  through  intracellular  shunhng.  The 
decrease  is  usually  transient,  nol  requinng  supplementahon 

2  Eltects  Seen  with  Aniicholineigic  Diugs  Due  to  the  presence  ol  ipralroprum  bromide  in  OuoNeb.  il  should  be 
used  wth  caution  in  patients  with  narrow-angle  glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstruction 
3.  Use  in  Henalic  or  Renal  Diseases  DuoNeb  has  not  been  studied  in  pabents  with  hepatic  or  renal  insutliciency. 
It  should  be  used  with  caution  in  these  patient  populations. 

inlonnalion  lor  Patients 

The  acbon  ot  DuoNeb  should  last  up  to  5  hours  DuoNeb  should  not  be  used  more  frequently  than  recom- 
mended Pabenis  should  be  instructed  nol  to  increase  the  dose  or  Ireguency  ol  DuoNeb  without  consulting  their 
healthcare  provider  II  symptoms  worsen,  patients  should  be  instructed  10  seek  medical  consultation. 
Pabents  must  avoid  exposing  their  eyes  lo  this  product  as  temporary  papillary  dilabon.  blurred  vision,  eye  pain, 
or  precipitalion  or  v/orsening  ol  narrow-angle  glaucoma  may  occur,  and  therefore  proper  nebulizer  technique 
should  be  assured,  particularly  it  a  mask  is  used- 
It  a  patient  becomes  pregnant  or  begins  nursing  while  bn  DuoNeb.  Ihey  should  contact  their  healthcare  provider 
about  use  of  DuoNeb 

See  the  illustrated  Pabents  Instruction  for  Use  in  the  product  package  insert. 
Ortig  Interactions 

Anticholinernii:  agents  Although  ipratropium  bromide  is  minimally  absorbed  into  the  systemic  circulation,  there 
is  some  potential  lor  an  additive  interaction  with  concomilantly  used  anbcholinergic  medications  Cauhon  is. 
therefore,  advised  in  the  co-admimslration  ol  DuoNeb  with  other  drugs  having  anbcholinergic  properties 
fl-adreneroic  aoenls  Caution  is  advised  in  the  co-adminislrahon  ot  DuoNeb  and  other  sympathomimehc  agents 
due  to  the  increased  risk  ol  adverse  cardiovascular  effects 

p-receotor  blocking  agents  These  agents  and  albuterol  sulfate  inhibit  Ihe  effect  ol  each  other  p-receptor  block- 
ing agents  should  be  used  v/ith  caution  in  pabents  v/ilh  hyperreactive  airways,  and  if  used,  relatively  selective  6, 
selecbve  agents  are  recommended 

Diurelics  The  electrocardiogram  (ECG)  changes  and/or  hypokalemia  that  may  result  Irom  Ihe  administration  ot 
non-potassium  spanng  diuretics  (such  as  loop  or  thiazide  diuretics)  can  be  acutely  worsened  by  (i-agonists, 
especially  when  the  recommended  dose  of  the  p-agonist  is  exceeded  Although  Ihe  clinical  significance  of  Ihese 
effects  is  not  known,  caution  is  advised  in  the  co-admimstration  ot  [i-agonist-containing  drugs,  such  as  DuoNeb, 
with  non-potassium  spanng  diuretics 

Monoamine  oxidase  inhibitors  or  tncvclic  antidepressants  OuoNeb  should  be  administered  with  extreme  cau- 
tion to  pabents  being  treated  with  monoamine  oxidase  inhibitors  or  tncyclic  antidepressants,  or  within  2  weeks 
ol  discontinuation  of  such  agents  because  the  action  of  albuterol  suHale  on  the  cardiovascular  system  may  be 
potentiated 

Caicinogenesis.  Mutagenesis.  Impairment  ol  Fertility 

Albuterol  Sulfate  In  a  2-year  study  in  Sprague-Dawley  rats,  albuterol  sullate  caused  a  signihcant  dose-relaled 
increase  in  the  incidence  of  benign  leiomyomas  ol  Ihe  mesovanum  at  and  above  dietary  doses  of  2  mg/kg 
(approximately  equal  lo  the  maximum  recommended  daily  inhalation  dose  (or  adults  on  a  mg/m' basis).  In 
another  study,  this  eltect  was  blocked  by  ibe  coadminislrabon  ol  propranolol,  a  non-seleclive  beta-adrenergic 
antagonisl 

In  an  18-month  study  in  CD-1  mice,  albuterol  sulfate  shov/ed  no  evidence  of  lumongenicity  al  dietary  doses  up 
to  500  mg/kg  (approximately  140  limes  Ihe  maximum  recommended  daily  inhalation  dose  lor  adults  on  a  mg/m- 
basis)  In  a  22-month  stu(^  in  Golden  hamsters,  albuterol  sulfate  showed  no  evidence  of  lumongenicity  al 
dietary  doses  up  to  50  mg/xg  (approximately  20  times  the  maximum  recommended  daily  inhalation  dose  for 
adults  on  a  mg/m-  basis) 

Albuterol  sulfate  v^s  not  mutagenic  m  the  Ames  lest  or  a  mutation  test  in  yeast  Albuterol  sulfate  was  not  das- 
togenic  in  a  human  penpheral  lymphocyle  assay  or  in  an  AH1  strain  mouse  micronucleous  assay 
Reproduction  studies  in  rats  demonstrated  no  evidence  ol  impaired  leitility  at  oral  doses  ol  albuterol  sullate  up  to 
50  mg^g  (approximalely  25  times  Ihe  maximum  recommended  daily  inhalalion  dose  lor  adults  on  a  mg/m'  basis) 
loralrooium  bromide  In  2-year  studies  in  Sprague-Dawley  rats  and  CD-I  mice,  ipratropium  bromide  showed  no 
evidence  ol  lumongenicity  al  oral  doses  up  lo  6  mg/kg  (approximately  15  times  and  8  times  the  maximum  rec- 
ommended daily  mhalabon  dose  lor  adults  in  rats  and  mice  respectively,  on  a  mg/m^  basis). 
Ipratropium  bromide  vias  not  mutagenic  m  Ihe  Ames  lest  and  mouse  dominant  lethal  tesi  Ipratropium  bromide 
was  not  clastogenic  in  a  mouse  micronucleous  assay 

A  reproduction  study  in  rals  demonslraled  decreased  conception  and  increased  resorptions  when  ipratropium 
bromide  was  administered  orally  at  a  dose  ot  90  nig/kg  (approximately  240  bmes  the  maximum  recommended 
daily  inhalabon  dose  lor  adults  on  a  mg/m-  basis)  These  effects  were  not  seen  with  a  dose  ot  50  mg/lig  (approx- 
imately 140  bmes  the  maximum  recommended  daily  inhalation  dose  lor  adults  on  a  mg/m^  basis). 
Pregnancy 

TERATOGENIC  EFFECTS  Pregnancy  Culegory  C 

Albuterol  sulfate  Pregnsncy  Category  C  Albuterol  sullate  has  been  shown  to  be  teratogenic  in  mice  A  study  in 
CD-I  mice  given  albuterol  sullale  subculaneously  showed  cleft  palate  formation  in  5  of  1 1 1  (4.5%)  lotuses  at 
0  25  mg/kg  (less  than  the  maximum  recommended  daily  inhalabon  dose  lor  adults  on  a  mg/m'  basis)  and  in  10 
ot  108  (9  3%)  letuses  al  2  5  mg/kg  (approximalely  equal  to  the  maximum  recommended  daily  inhalabon  dose 
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Labor  and  Delivery 

Oral  albuleioi  sullate  has  been  shown  to  delay  pretemi  labor  in  some  reports  Because  ol  Ihe  polential  ol 
albulerol  lo  interfere  v;iih  ulenne  contractility,  use  ol  DuoNeb  dunng  labor  should  be  reslnded  lo  those  patients 
in  whom  the  benelils  clearly  outweigh  the  nsks 
Nuning  Mothers 

II  IS  not  known  whether  the  components  ol  DuoNeb  are  excreted  In  human  milk.  Although  lipidinsoluble  qua- 
ternary bases  pass  into  breast  milk,  it  is  unlikely  that  ipratropium  brbmide  would  reach  the  infant  to  an  impor- 
tant extent  especially  when  taken  as  a  nebulized  solution  Because  ol  the  potential  lor  lumongenicity  shown  lor 
albuterol  sullale  in  some  animals,  a  decision  should  be  made  whether  to  disconbnue  nursing  or  discontinue 
DuoNeb,  taking  into  account  Ihe  importance  ol  Ihe  drug  to  the  mother 
Pediatric  Use 

The  safety  and  ellecliveness  ol  DuoNeb  m  pabenis  below  18  years  ol  age  have  not  been  established 
Geriatric  Use 

01  the  total  number  ol  subieds  in  clinical  studies  of  OuoNeb,  62  percent  vtere  65  and  over,  while  19  percent  were 
75  and  over  No  overall  differences  in  safety  or  etiectiveness  were  observed  behmeen  these  subjects  and  younger 
subjects,  and  oiher  reported  clinical  experience  has  not  identilied  differences  in  responses  between  the  eldwiy 
and  younger  patients,  bul  greater  sensitivity  ol  some  older  individuals  cannot  be  ruled  out, 
ADVERSE  REACTIONS 
Adverse  re:i,.!'  I    I'.in  ,'i ,-   i  ri.-ming  DuoNeb  was  derived  Irom  Ihe  12-y/eek  conlroiied  clinical  Ir^i 


ADVERSE  EVENTS  OCCURRING  IN  >  1%  OF  >  1  TREATMENT  GROUP(S|  ANO  IMHERE  THE 
COMBINATION  TREATMENT  SHOWED  THE  HIGHEST  PERCENTAGE 

Body  Syslem 
COSTART  Term 

Albulerol 
n  (%) 

Ipratropium 
n(°.| 

DuoNeb 
n(%) 

NUMBER  OF  PATIENTS 

761 

754 

765 

N  ['.<.)  Patients  with  AE 

327  (43.0) 

329  (43  6) 

367  (48.0) 

Boov  AS  A  Whole 

Pain 

8(1.1) 

4(0.5) 

10(1.3) 

Pain  cc*',! 

11(14 

14  (1.9) 

20  (2.6) 

Digestive 

Diarrhea 

5  (0.7) 

9  (1.2) 

14  (1.8) 

Dyspepsia 

7  (0.9) 

8(11) 

10(13) 

Nausea 

7(0  9) 

1  ■     '4 

Muscueo-Skeletal 

Cramps  leg 

8  '1  1 

6  (0.8) 

11  (1.4) 

Respiratory 

Bronchitis 

11  n  -1 

13(1.7) 

13(1.7) 

Lung  Disease 

36(4  7 

34  (4.5) 

49(6.4) 

Pharyngitis 

27  (3.5) 

27  (3.6) 

34  (4.4) 

Pneumonia 

7(0.9) 

8(1.1) 

10(1.3) 

Urogenital                                                                                                                 | 

Infection  urinary  tract 

3(0.4) 

9(1.2) 

12(1.6)      1 

Additional  adverse  reactions  reported  in  more  than  1%  ol  patients  treated  with  DuoNeb  included  constipation 
and  voice  alterations 

In  the  clinical  trial,  there  v/as  a  0  3%  incidence  ol  possible  allergic -type  reactions,  including  skin  rash,  pruntus. 
and  urticaria 

Addibonal  inlormation  derived  fiom  the  published  literature  on  the  use  ol  albuterol  sullate  and  ipratropium  bro- 
mide singly  or  in  combination  includes  precipitation  or  worsening  of  narrow-angle  glaucoma,  acute  eye  pain, 
blurred  vision,  paradoxical  bronchospasm,  wheezing,  exacerbabon  ol  COPD  symptbms,  drowsiness,  aching. 
Hushing,  upper  respiratory  tract  mtecbon,  palpitations,  taste  pen/ersion,  elevatecJ  heart  rate,  sinusitis,  tiack  pain 
and  sore  throat 

DOSAGE  AND  ADMINISTRATION 

The  recommended  dose  ol  DuoNeb  is  one  3  mL  vial  administered  4  limes  per  day  via  nebulization  with  up  to 
2  additional  3  mL  doses  allowed  per  day  if  needed  Safety  and  efficacy  of  additional  doses  or  increased  fre- 
quency ol  administration  ol  DuoNeb  beyond  Ihese  guidelines  has  nol  been  studied  and  the  salety  and  efhcacy 
ot  extra  doses  of  albuterol  sullate  or  ipratropium  bromide  in  addition  lo  the  recommended  doses  ol  OuoNeb 
have  nol  been  studied 

The  use  ol  DuoNeb  can  be  continued  as  medically  indicated  to  control  recumng  bouts  of  bronchospasm  II  a 
previously  etiective  regimen  tails  to  provide  the  usual  reliel,  medical  advice  should  be  sought  immediately,  as 
this  is  often  a  sign  of  worsening  COPO,  which  would  requite  reassessment  ol  therapy 
A  Pan-LC-Plus'"  nebulizer  (with  face  mask  or  mouthpiecel  connecled  to  a  PRONEB"*  compressor  was  used  to 
deliver  DuoNeb  lo  each  patient  m  one  US,  clinical  study  The  salety  and  efficacy  of  DuoNeb  delivered  by  other 
nebulizers  and  compressors  have  not  been  established 

DuoNeb  should  be  administered  via  let  nebulizer  connecled  to  an  air  compressor  with  an  adequate  air  How. 
equipped  v/ilh  a  mouthpiece  or  suitable  lace  mask 
HOW  SUPPLIED 

OuoNeb  IS  supplied  as  a  3-mL  slehle  solution  lor  nebulization  in  slenle  low-density  polyethylene  umt-dose  vials. 
Cards  ot  live  vials  are  placed  into  a  foil  pouch.  Supplied  in  cartons  as  listed  below. 

NDC  49502-672-30  30  vials  per  carton 

NDC  49502-672«l  60  vials  per  carton 

Store  between  2°C  and  25°C  (36'F  and  77"F)  Protect  Irom  light 
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1,  Gross  N,  Tashkin  D,  Miller  R,  et  al  Intialation  by  nebulization  ol  albuterol-ipratropium 
combination  (Dey  combination)  is  superior  to  eiltier  agent  alone  in  ttie  treatment  ol  ctiron- 
ic  obstructive  pulmonary  disease  Respiration  1998,65:354.362, 
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Ws  the  first  and  only  one-step  dual-therapy  nebulizer  solution 
for  COPD,  with  improved  efficacy  over  al  "" 

alone — and  no  increased  safety  risk.'"  ^ 

DuoNeb  is  indicated  for  the  treatment  of  bronchospasm 
associated  with  COPD  in  patients  requiring  more  than  one 
bronchodilator  In  a  1 2-week  clinical  study  the  most  common 
adverse  reactions  reported  with  DuoNeb  Inhalation  Solution 
were  chest  pain,  pharyngitis,  diarrhea,  bronchitis,  nausea  and 
leg  cramps. 

Albuterol  sulfate  can  have  a  significant  cardiovascular  effect, 
significant  hypokalemia  and  the  potential  life-threatening 
paradoxical  bronchospasm.  Caution  is  advised  in  patients  with 
convulsive  disorders,  hyperthyroidism,  diabetes  mellitus,  narrow-angle 
glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstruction. 
Co-administration  of  DuoNeb  Inhalation  Solution  and  other 
sympthomimetic  agents  may  increase  the  risk  of  adverse 
cardiovascular  effects. 

Please  see  following  page  for  prescribing  information. 


DuoNeb 

(ioratroDium  bromide  and  albuterol  siilt'atel 
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The  first  and  only  one-step  dual-the.. 
nebulizer  solution  for  COPD. 

Vial  Contains:  0.5  mg  Ipratropium  Bromide 

3.0  mg  Albuterol  Sulfate 

(equivalent  to  2.5  mg  Albuterol  Base) 

^^Y        800-755-5560 
<  >      www.deyinc.com 
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Editorials 


Acute  Exacerbation  of  Idiopathic  Pulmonary  Fibrosis  and 

Fibroproliferative  Acute  Respiratory  Distress  Syndrome: 

Similar  Disease,  Similar  Treatment? 


Idiopalliic  pulmonary  f'ihrosis  (IPF).  also  referred  to  as 
crspiogciiic  t'ihidsint:  al\ colitis,  is  a  progressive  interstitial 
lung  disease  ol  unknown  etiology.  Usual  interstitial  pneu- 
monitis (IJIP)  is  pailiologically  the  most  common  idio- 
pathic interstitial  pneumonia  prtiducing  the  clinical  entity 
of  IPF.'  IPF  is  a  chronic  condition,  characterized  by  the 
insidious  onset  of  dyspnea  and  cough  over  several  months, 
IPF"  tends  to  he  a  slowly  progressive  disease,  with  mean 
sur\i\al  limes  ranging  from  15  nutnths  to  5.6  years.' 

See  the  Case  Study  on  Page  698 


Although  described  m  only  a  few  reports  in  the  literature, 
some  IPF  patients  may  develop  an  acute  decompensation, 
causing  fulminant  lespiratoiy  failure.  This  abrupt  decompen- 
sation has  been  referred  to  as  acute  exacerbation  of  IPF  and 
as  accelerated  IPF.  Kondoh  et  al^  described  3  IPF  patients 
who  de\  eloped  acute  exacerbations  of  IPF.  defined  as:  ( 1 ) 
exacerbation  of  dyspnea  within  a  few  weeks,  (2)  newly  de- 
veloping diffuse  infiltrates  on  chest  radiograph,  (3)  deterio- 
ration of  oxygenation,  with  the  ratio  of  arterial  partial  pres- 
sure of  oxygen  to  fraction  of  inspired  oxygen  being  less  than 
225  mm  Hg,  and  (4)  absence  of  apparent  infectious  agents. 
The  diagnosis  of  IPF  was  made  6  months  to  2  years  prior  to 
the  acute  deterioration.  Initial  symptoms  of  the  acute  exac- 
erbation began  with  an  intluenza-Iike  illness  or  cough  with 
fever  for  3-20  days  prior  to  admission.  Open  lung  biopsies 
from  the  3  patients  were  consistent  with  acute  lung  injtiry 
pattern  superimposed  on  UIP.  Cultures  of  bronchoalveolar 
la\age  (BALl  fluid  and  biopsy  specimens  and  serum  titers  for 
\arious  viruses  shovsed  no  e\  idence  of  an  infectious  process 
causing  the  deterioration.  All  3  patients  improved  with  cor- 
ticosteroid therapy,  although  1  patient  died  5  months  later 
because  of  Siaphylococciis  aureus  infectiiin. 

Using  high-resolution  computed  tomography.  Ak'na  et 
al  e\aluated  17  IPF  patients  who  de\  eloped  accelerated 
deterioration.'  The  duration  of  symptoms  before  deterio- 
ration ranged  from  5  monlhs  to  10  years.  High-resolution 
computed  lomography  showed  peripheral  infiltrates  in  6 
patients,  multifocal  infiltrates  in  6  patients,  and  diffuse 
infiltrates  in  5  patients.  Biopsy  or  autopsy  specimens 
showed  acute  diffuse  aKeolar  damage  (D.AD)  in  conjunc- 
tion with  UIP  in  the  patients  with  multifocal  and  ditfuse 


infiltrates,  whereas  acute  fibroblastic  foci  were  noted  in 
the  patients  with  peripheral  infiltrates.  Despite  corticoste- 
roid treatment,  all  5  patients  with  diffuse  infiltrates  died, 
whereas  3  of  6  patients  with  multifocal  infiltrates  died  and 
I  of  6  patients  with  peripheral  infiltrates  died.  Similar 
findings  with  diffuse  alveolar  damage  superimposed  on 
UIP  have  been  noted  by  other  authors.-* 

In  this  issue  of  Rbspir.atory  Cark,  Nishiyama  et  al  de- 
scribe a  74  year-old  man  with  UIP  who  developed  an  acute 
exacerbation  of  IPF  with  respiratory  failure  requiring  me- 
chanical ventilation.''  The  patient  improved  with  a  prolonged 
course  of  corticosteroid  therapy,  using  a  regimen  published 
by  Meduri  et  al  to  treat  unresolving  acute  respiratory  distress 
syndrome  (ARDS).'"  Infection  as  a  cause  of  the  patient's  de- 
compensation was  excluded  by  BAL  cultures  and  negative 
serologies  for  vinises  Mycoplasma  pneumoniae.  Chlamydia 
pneumoniae,  and  Legionella  pneumophila.  Though  the  pa- 
tient's chnical  course  is  consistent  with  the  few  published 
series  of  patients  with  acute  exacerbation  of  IPF,  tissue  bi- 
opsy during  the  patient's  acute  decompensation  was  not  per- 
formed to  confirm  this  diagnosis  and  exclude  other  potential 
etiologies  for  the  observed  deterioration. 

With  few  reports  describing  acute  exacerbations  of  IPF  in 
the  literature,  the  optimal  treatinent  for  this  entity  is  unclear. 
Corticosteroids  are  used  by  many  clinicians,  although  there 
are  little  data  to  make  recommendations  for  dose  and  dura- 
tion of  therapy.  As  previously  mentioned.  Kondoh  et  al-  .suc- 
cessfully treated  3  patients  w  ith  1 ,000  mg/d  of  methy  Ipred- 
nisolone  for  3  days,  followed  by  a  taper  based  on  patient 
response.  Akira  et  al^  successfully  treated  9  of  17  patients 
with  1 .000  mg  of  methylprednisolone.  although  the  duration 
of  treatment  at  that  dose  and  taper  were  not  specified. 

In  their  discussion.  Nishiyama  et  al  note  that  patients 
with  acute  exacerbation  of  IPF  ha\e  organizing  D.AD  as 
the  main  histologic  feature  in  additit)n  to  the  findings  of 
UIP.  Given  that  the  histology  of  late-phase  ARDS  also 
demonstrates  organizing  DAD.  Nishiyama  et  al  hypothe- 
size that  treatments  used  for  ARD.S  may  benefit  patients 
with  acute  IPF  exacerbations,  and  this  was  their  rationale 
lor  prolonged  corticosteroid  therapy,  using  the  regimen 
previously  reported  by  Meduri  et  al"  to  treat  patients  w  ith 
uiiivsoK  ing  ARD.S.  Other  than  comparable  histopathologic 
features,  it  is  unclear  if  there  are  any  other  similarities 
between  ARDS  and  acute  exacerbation  of  IPF  in  terms  t)f 
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pathophysiology  ami  cMokinc  response  DAD  has  iiiaiiv 
causes,  includini;  int'cclion.  sepsis,  shock,  trauma,  noxious 
gas  exposure,  drui:  reactions,  and  collagen  \ascular  ilis- 
eases. ■*  Idiopathic  DAD  has  also  heen  described  in  patients 
with  acute  inteisiiii.il  pncuiiioiiiiis,  considered  synonymous 
with  Hammaii-Rich  s\ndrome  h\  many  authors.""*  Acute 
interstitial  pneumonitis  lias  clinical  fuidiiigs  similar  to  acute 
exacerbation  of  IPF.  but  patients  do  not  have  preexisting  lung 
disease  and.  if  the\  sur\ i\e.  patients  do  not  progress  to  IPF. 

Pihroproliteraiion  is  a  stereotypical  reparative  response 
to  lung  injury  and  occurs  in  tiie  repair  phase  of  DAD  and 
within  7  da\s  of  the  onset  of  .ARDS.  with  a  rapid  increase 
in  the  second  and  third  weeks  of  continued  ARDS.  Fibro- 
proliferation  is  characterized  by  the  replacement  of  dam- 
aged epithelial  cells  b\  accumulation  of  mesenchymal  cells 
such  as  fibroblasts  and  their  connective  tissue  products 
such  as  collagen  in  the  airspaces.  Extensive  fibrotic  re- 
motleling  of  the  lung  parenchyma  from  unchecked  fibro- 
proliteration  has  been  noted  in  .ARDS  patients.  There  is 
evidence  that  corticosteroids  may  be  beneficial  in  ARDS 
during  this  fibropi"oliferati\e  phase." 

Treatment  with  corticosteroids  has  been  shown  in  one 
stud)  to  reduce  plasma  and  B.AL  concentrations  of  iiinior 
necrosis  factor  a.  interleukin  \li.  interleukin  6,  and  inter- 
leukin  S.  Higher  initial  levels  and  more  persistently  ele- 
vated le\els  of  those  cytokines  ha\e  been  observed  in 
nonsur\i\ors  of  .ARDS  than  in  sur\i\iirs.'' '"  Decreases  in 
plasma  and  B.AL  procollagen  amino-terminal  pmpeptide 
t\pe  1  and  t\pe  III.  which  are  secreted  by  fibroblasts  and 
reflect  collagen  synthesis,  with  accompanying  improve- 
ments in  oxygenation,  have  been  reported  in  one  study  of 
ARDS  patients  treated  with  corticosteroids." 

In  the  randomized  trial  by  Meduri  et  al  comparing  cor- 
ticosteroid treatment  for  .^2  days  to  placebt)  in  24  patients 
with  iinresolving  ,ARDS.  o\erall  survival  was  87%  (14  of 
16)  in  the  corticosteroid  treatment  group  \ersus  37"^  (3  of 
8)  in  the  placebo  group.''  Enrollment  was  stopped  after  24 
patients  ba.sed  on  inicnm  statistical  analysis.  Other  (uncon- 
trolled) case  series  ha\e  also  reported  benefit  from  coilico- 
steroids  in  treating  nbroproliferatise  or  unresoKing  ARDS.'' 

With  a  similar  process  of  active  fibroblastic  proliferation 
being  observed  in  biopsy  specimens  from  patients  with  acute 
exacerbation  of  IPF.  there  is  some  rationale  for  corticosteroid 
treatment  for  this  entitv .  Ciwvn  the  life-threatening  nature  of 
acute  exacerbation  of  IPF  and  positive  responses  to  cortico- 
steroids being  noted  in  the  literature,  using  corticosteroids  to 
treat  these  exacerbations  appears  appropriate,  although  in  gen- 
eral coilicosteroids  are  beneficial  in  the  minority  of  I'lP  pa- 
tients. Duration  of  therapy  may  or  ma\  not  be  important.  In 
experimental  acute  lung  injury,  corticosteroid  administration 
was  effective  in  decreasing  edema  and  lung  collagen  forma- 
tion with  prolonged  treatment,  allhough  steroid  withdrawal 
rapidly  negated  this  beneficial  effect.' '  "  With  ihe  pauciiv  ol 


publislieil  series  ni  the  literature,  it  is  diftlcult  to  make  rec- 
ommendations regarding  dose  and  duration  of  therapy.  In  the 
absence  of  other  data,  however,  it  seems  reasonable  to  use  the 
regimen  of  prolonged  low-dose  corticosteroid  therapy  de- 
scribed by  Meduri  et  al  for  llhroproliferative  ARDS.  although 
a  relationship  between  ARDS  and  acute  exacerbation  of  IPF 
has  yet  to  be  established.  Additional  studies  of  this  condition 

would  be  most  welcome. 
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Evaluation  of  Inspiratory  Rise  Time  and  Inspiration 
Termination  Criteria  in  New-Generation  Meehanical  Ventilators: 

A  Lung  Model  Study 

Sunisa  (liatmiMiiikolchart  MD.  PuiTis  Williams  RRT.  Dean  R  Hess  PhD  RRT  FAARC. 
and  Robert  M  Kacmarek  PhD  RRT  FAARC 


INTRODl CTION:  Inspiratory  rise  time  iidjiistment  durin);  pressure  ventilation  and  inspiration 
termination  criteria  adjustment  during;  pressure  support  ventilation  are  available  on  some  ot  the 
newest  mechanical  ventilators.  Both  arc  designed  to  improve  patient-ventilator  synchrony.  How- 
ever, the  function  of  these  adjuncts  during  pressure  ventilation  on  these  ventilators  has  not  been 
evaluated.  MKIHODS:  Three  inspiratory  rise  times  (minimum,  medium,  and  maximum)  were 
evaluated  in  5  new-generation  mechanical  ventilators  (Hamilton  Galileo.  Siemens  300A,  Puritan 
Bennett  840.  Bi  \k  1000.  and  Driiger  Kvita  4)  during  pressure  support  and  pressure  assist/ccmtrol. 
Three  inspiraticm  termination  criteria  settings  (minimum,  medium,  and  maximum)  were  also  eval- 
uated in  2  mechanical  ventilators  (Hamilton  Galileo  and  Puritan  Bennett  840)  during  pressure 
support.  All  evaluations  were  performed  with  a  spontaneous  breathing  lung  model  (compliance  50 
niL/cm  H,().  resistance  8.2  cm  H,()/I7s,  respiratory  rate  12  breaths/min.  inspiratory  time  1.0  s,  and 
lung  model  peak  inspiratory  flow  60  L/niin).  Thrttughout  the  evaluation,  inspiratory  pressure  was 
set  at  15  cm  H,()  and  positive  end-expiratory  pressure  at  5  cm  H,().  resulting  in  a  peak  airway 
pressure  of  20  cm  H,0.  RKSULTS:  Significant  (p  <  0.05)  and  important  (>  U)^( )  differences  were 
found  among  the  ventilators  at  similar  rise  times  (minimum,  medium,  and  maximum)  and  for  each 
ventilator  as  rise  time  was  varied.  Also,  significant  (p  <  0.05)  and  important  (>  lO'^^^f )  differences 
were  observed  between  ventilators  and  within  each  ventilator  when  inspiration  termination  criteria 
were  varied.  There  were  significant  (p  <  0.05)  differences  between  pressure  support  and  pressure 
assist/control,  but  most  were  <  KC^^f.  except  those  associated  with  expiration.  CONCLUSIONS: 
Major  differences  exist  for  each  ventilator  as  rise  time  or  inspiration  termination  criteria  are  varied 
and  among  ventilators  at  similar  settings.  Inspiration  termination  criteria  adjustment  markedly 
affects  transition  to  exhalation  in  the  Puritan  Bennett  840.  Key  words:  mechanical  reniilation. 
inspiraidiy  rise  lime.  inspiraiKin  lenmnaiioii  criteria,  pressure  support,  pressure  assist/control,  flow- 
triggered.  Jlow-cYcted.     IRespir  Care  2001 :46(7):666-677|l 


Introduction 

During  patient-triggered  mechanical  vcnlilatory  assis- 
tance, patient-ventilator  synchrony  is  a  major  problem. 


Sunisa  Chatmongkolcharl  MD  is  aftlliaieii  uiih  iIk-  Ocpaiimcni  ot  An- 
estlicsia  and  Critical  Care.  Massachusetts  General  Hospital.  llar\  ard  Med- 
ical School.  Boston.  Massachusetts.  Purris  Williams  RRT.  Robert  M 
Kacmarek  PhD  RRT  1  A.\RC,  and  Dean  R  Hess  ['hD  RRT  FAARC  are 
alliliated  with  the  Department  ot  Respiratory  Care.  Massachusetts  Gen- 
eral Hospital,  and  Harsard  Medical  School.  Boston.  Massachusetts. 
Correspondence:  Robert  M  Kacmarek  PhD  RR  I  1-A.^RC.  Respiratory 
Care.  Ellison  401.  Massachusetts  General  Hospital.  .S.'i  Fruit  Street,  Bos- 
ton MA  02114.  E-mail:  rkacmarekCfpartners.org. 


Many  investigators  ha\e  demonstrated  tlial  \olutiic  \emi- 
latioii  comiiioiilN  resiilis  in  large  patient  efforts  during  pa- 
lient-triggered  breaths,  because  of  fixed  inspirator\  f\o\\ 
patterns.'-  As  a  result,  pressure  \enlilation  {pressure  sup- 
port [PS]  and  pressure  assist/control  |PA/C|)  has  been  rec- 
ommended as  the  optimal  approach  to  ensure  patient-ven- 
tilator synchron).  because  inspiratory  flow  delivery 
responds  to  patient  demand.'^  However,  as  nicely  illus- 
trated by  Maclntyre  et  aP  and  others."^  dyssynchrony  can 
also  exist  during  pressure  ventilation.  If  the  rise  in  How  is 
not  commensurate  with  patient  demand,  pressure  may  over- 
shoot the  set  level  (too  rapid  an  increase  in  (low)  or  patient 
effort  can  be  excessive  (inadequate  increase  in  tlovv).  Both 
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Inspik\i()k>  Risi    liMi;  and  Inspiration  Thrmination  Crithria 


of  these  extremes  c;iii  icsuli  m  paiK-ni-\cniil;Uor\  il\ss\n- 
chroin.  A  luimher  oIiIk'  in.-\M.'><t  yciieialion  ol  iiiochanical 
\cntilali)is  j:i\e  the  clinician  iho  o|iiioi)  ol  scltiiit:  iho  rise 
time  during  pressure  ventilation  lo  nicci  |iaticni  demand. 

Ourini;  PS.  inspiration  iiormalK  c\cles  to  expiration 
when  inspirator)  How  decreases  to  a  le\el  equal  to  a  fixed 
percentage  (eg.  257c)  ol  ilie  |ieak  I  low  or  lo  a  spcciticd 
tlow  (eg.  5  I./minl.^  However,  il  ihe  patient  decides  to 
lerminale  inspiration  before  the  \^o\\  criteria  are  met.  the 
patient  must  activate  ahdoniinal  muscles  to  force  airway 
pressure  to  rise  to  a  fixed  level  above  the  set  pressure 
target  (eg.  3  em  H.O)."  This  activation  of  the  expiration 
muscles  at  the  end  of  the  inspiratory  phase  increases  pa- 
tient effort  and  produces  dyssynchrony.'^  A  few  of  the 
newest  generation  of  venlilalors  have  the  ability  to  adjust 
the  inspiration  termination  criteria. 

Limited  information  is  currently  available  on  the  func- 
tion of  rise  time  and  inspiration  termination  criteria  on  the 
newest  generation  of  vcntilali>rs.  We  evaluated  the  func- 
tion of  rise  time  on  .^  new -generation  ventilators  and  in- 
spiration termination  criteria  on  2  new -generation  ventila- 
tors. We  hvpothesized  that  there  wt)uld  be  no  differences 
in  the  operation  of  rise  time  between  PS  and  PA/C  modes 
on  a  given  ventilator  but  that  there  would  he  large  differ- 
ences among  ventilators  evaluated.  We  also  hypothesized 
that  a  synchronous  transition  to  exhalation  vvmild  be  made 
possible  by  appropriate  adjustment  of  the  inspiration  ter- 
mination criteria. 


Oxygen  (50  pai) 


Jet  flow 


Methods 


Lung  Model 


All  evaluations  were  performed  with  a  simulated  spon- 
taneous breathing  lung  model,  as  previously  described.'"  " 
The  lung  moiiel  consisted  of  2  parallel  bellows  suspended 
in  an  airtight  rigid  box  (Fig.  I ).  The  space  in  the  rigid  box 
represents  the  pleural  space,  which  was  connected  to  a 
low-compliance  T  tube  through  which  gas  flow  was  in- 
jected to  create  a  negative  pleural  pressure  (Pp,).  Source 
gas  (oxygen.  50  psi)  was  connected  to  an  air  pressure 
regulator  (SMC  air  pressure  regulator  model  AR  2000. 
SMC  Company,  Tokyo.  Japan)  and  a  proportional  sole- 
noid valve  (SMC  315.  SMC  Company.  Tokvo.  Japan). 
Opening  of  the  solenoid  valve  was  controlled  by  a  func- 
tion generator  (EGC  2230.  Kenwood.  Tokyo.  Japan).  Op- 
eration of  the  regulator  allowed  adjustment  of  negative 
pressure  in  the  pleural  space  and  simulation  of  a  sponta- 
neous breathing  pattern.  Thus,  inspiratory  How  demand, 
respiratory  rate,  and  inspirator)  time  were  controllcti  in- 
dependently. A  linear  resister  (7100  R-5.  Hans  Ruilolph. 
Kansas  City,  Missouri)  established  a  resistance  of  8.2  cm 
H,0/L/s  at  a  tlow  of  60  L/min.  Compliance  of  50  mL/cm 
HiO  was  set  by  springs  on  the  bellows.  The  lung  model 


Fig.  1.  Experimental  set-up.  See  text  for  details.  P^ 
pressure,  Pp,  ^  pleural  pressure. 


WINDAQ 
software 


airway 


was  connected  to  each  studied  ventilator  using  a  standard 
venlilalor  circuit.  A  humidifier  (ConchaTherm  IV  heated 
humidifier.  Hudson  RCl.  Temecula.  California)  was  main- 
tained in  the  circuit,  but  active  humidification  was  not 
employed. 

Three  inspiratory  rise  times  (minimum,  medium,  and 
maximum)  (Table  1)  were  studied  on  5  ventilators,  the 
Hamilton  Galileo  (Hamilton  Medical  AG,  Rhazuns,  Swit- 
zerland), the  Siemens  3()0A  (Siemens-Elema.  Solna,  Swe- 
den), the  Puritan  Bennett  840  (Puritan  Bennett.  Pleasan- 
ton.  California),  the  Bcar  1000  (ThermoRespiratory  Group. 
Palm  Springs,  California),  and  the  Driiger  Evita  4  (Driiger, 
Telford,  Pennsylvania)  during  both  PS  and  PA/C  modes. 
The  evaluations  were  performed  at  ventilator  settings  of 
inspirator)  pressure  of  15  cm  H,0  and  positive  end-expi- 
ratorv  pressure  (PEEP)  of  5  cm  H^O.  During  PA/C  mode 
the  inspiratory  time  was  set  at  1.0  s.  The  lung  model  was 
alwavs  set  at  a  respiratory  rate  of  12  breaths/min.  inspira- 
tor) time  of  1.0  s.  and  peak  inspiratory  flow  of  60  L/min. 
The  Hamilton  Galileo  and  Puritan  Bennett  840  (PB  840) 
were  also  evaluated  at  3  inspiration  terminatit)n  criteria 
settings  (minimum,  medium,  and  maximum)  (Table  2)  in 
PS  mode.  After  a  period  of  stabilization,  flow,  airway 
pressure,  and  pleural  pressure  were  recorded  for  a  series  of 
breaths  at  each  experimental  condition.  Three  consecutive 
breaths  for  each  experimental  setting  were  evaluated  (Fig. 
2).  The  inspiration  termination  criteria  of  every  studied 
ventilator  except  the  Galileo  and  the  PB  840  were  auto- 
maticall)  fixed  at  predetermined  levels  b)  the  manufac- 
turers. The  inspiration  termination  criteria  of  the  Galileo 
and  the  PB  840  were  set  at  259r  during  assessment  of 
inspualor)  rise  times.  V\hen  the  effect  of  the  inspiration 
terminalion  criteria  was  evaluated,  the  inspirator)  rise  time 
was  set  at  the  maximum:  50  ms  for  the  Hamilton  Galileo 
and  \0()'^r  for  the  PB  840.  All  ventilators  were  set  to 
flow-triugering  at  the  most  sensitive  level  that  did  not 
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Tabic  I        Fxperimcnlal  Scltiniis  of  Inspiralory  Rive  Time  will)  Mamirailurcr-Reciimni(;nilL'J  Scllini!s 


Ventilator 


Hamillim  Galileo  (pressure  ramp,  ms) 
Skmik-iis  3()()A  (Vr) 
PB  .S4(l  (llinv  acceleration.  %) 
Bi;AR  UKK)  (pressure  vlopel 
Driiger  Evita  4  (s) 


PB  ^  Puriuin  Bcnnctl 


Minimum 


200 
10 
I 

-9 
2 


Medium 

125 

5 
50 

0 

I 


Maximum 


50 

0 
100 

9 

0 


Manulacturer- 
recommended 


50 

1 
50 

0 
0.2 


rcsiili  in  aulo-triggering.  This  resulted  in  ihc  Tollowing 
soilings.  The  (iahlco  inspiiatory  sensiliviiy  was  set  at  2 
L/niin.  The  inspiratory  sensitivity  ol  the  Siemens  .^OOA 
was  set  between  the  green  and  red  line  (2  L/min).  For  the 
PB  840.  the  inspiratory  sensitivity  was  set  at  0.5  L/min, 
with  base  tlim  of  2  L/min.  The  sensitivity  of  the  Bi;ar 
10(X)  was  set  at  1  L/min.  with  bias  flow  of  5  L/min.  For  the 
Drager  Evita  4.  the  sensitivity  was  set  at  0.3  L/min. 

Measurement  and  Calibration 

Flow  was  measured  at  the  dislal  end  of  the  breathing 
eireiiit.  using  a  pneiMiiotachometer  (model  3700  A.  Hans 
Rudolph  Inc.  Kansas  City.  Missouri)  conneeted  to  a  dif- 
ferential pressure  transducer  (MP  45-14-87 1 .  ±  2  cm  HjO, 
Validyne.  Northridge.  California).  The  pneumotachometer 
was  calibrated  with  a  1  L/s  How  delivered  by  a  precision 
How  meter  (Brooks  Instruments.  Hatfield.  Pennsylvania). 
I'rcssiues  at  the  airwav  opening  at  the  proximal  end  of  the 
endotracheal  tube  and  in  the  simulated  pleural  space  (Pp,) 
were  measured  with  differential  pressure  transducers  (MP 
45-32-871.  ±  100  cm  H.O.  Validyne.  Northridge.  Cali- 
fornia). The  pressure  transducers  were  calibrated  at  20  cm 
H,0  with  a  water  manometer.  All  signals  were  amplified 
(model  SS05C.  Hewlett  Packard.  Waltham.  Massachusetts), 
sampled  at  100  H/.  digitized,  and  recorded  with  WINDAQ 
software  (Dataq  Instnniients.  Akron.  Ohio).  The  WINDAQ 
playback  system  was  used  to  analyze  the  data. 

Studied  Variables 

Variables  studied  are  graphically  illusirated  in  Figure  2. 
The  beginning  and  crul  of  inspiration  were  identified  based 

Table  2.      Experimental  Settings  of  Inspirator)'  Termination  Criteria 
and  Manufacturer-Recommended  Settings 


Ventilator             Minimum 

Medium 

Maximum 

Manufacturer- 
recommended 

Hamilton  Galileo  (%)          40 
PB  840  (%)                         45 

25 

25 

10 
1 

25 
10 

PB  =  Punun  Bcnncll. 

on  changes  in  the  simulated  pleural  pressure.  A  below- 
baseline  deflection  in  pleural  pressure  identified  the  start 
of  inspiration  by  the  lung  model.  The  onset  of  the  return  of 
pleural  pressure  toward  baseline  identified  the  termination 
of  inspiration  by  the  lung  model.  These  pleural  pressure 
changes  were  used  in  determining  the  duration  of  inspira- 
tion and  expiration. 

The  following  variables  were  measured  during  the  in- 
spiratoiy  phase; 

1.  Inspiratory  delay  time.  The  time  from  the  onset  of 
inspiration  until  the  return  of  the  airway  pressure  to  base- 
line. This  represents  the  total  delay  from  onset  of  lung 
model  inspiration  to  the  beginning  of  system  pressuriza- 
tion.  Ideally,  the  inspiratory  delay  time  should  be  zero. 

2.  Inspiratory  trigger  time.  The  time  from  the  onset  of 
inspiration  until  the  maximum  sub-baseline  trigger  pres- 
sure is  established.  This  represents  the  delay  between  ini- 
tiation of  inspiration  and  the  ventilator  responding  with 
sufficient  flow  to  stop  the  decline  in  airway  pressure,  in- 
dicating the  responsiveness  of  the  ventilator  to  patient  ef- 
fort. Ideally,  inspiratory  trigger  time  should  be  zero. 

3.  Time  to  return  trigger  pressure  to  baseline.  The  time 
from  the  maximum  sub-baseline  trigger  pressure  to  the 
return  of  airway  pressure  to  baseline.  This  represents  the 
speed  with  which  the  ventilator  pressurizes  the  sy.stem 
after  patient  effort  is  recognized  and  illustrates  the  speed 
with  which  initial  flow  is  delivered.  Ideally,  the  time  to 
return  trigger  pressure  to  baseline  should  be  zero. 

4.  Inspiratory  trigger  pressure.  The  pressure  change  from 
baseline  to  maximum  sub-baseline  trigger  pressure.  This 
pressure  represents  the  pressure  deflection  below  baseline 
necessary  to  activate  the  breath.  Ideally,  the  inspiratorv 
trigger  pressure  should  be  less  than  1.0  cm  HiO. 

5.  Trigger-pressure  time  product.  The  area  defined  by 
the  inspiratory  delay  time  and  inspiratt)rv  trigger  pressure, 
illustrated  as  Area  1  in  Figure  2.  The  trigger-pressure  time 
product  represents  the  amount  of  p;itient  effort  expended 
in  activating  a  breath,  kleallv.  the  trigger-pressure  time 
product  should  be  zero. 

6.  Inspiratory  positive  pressure  area.  The  area  defined 
by  the  inspiratory  pressure  curve  beginning  w ith  the  return 
of  pressure  to  baseline  (after  inspiratory  delay  time)  and 
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Inspiration 
begins 


Inspiration 
ends 

Fig.  2.  Schematic  illustrating  the  variables  evaluated.  See  text  for  definitions  of  variables.  Pa„  =  peak 
airway  pressure.  Pp,  =  pleural  pressure.  PIP  -  peak  inspiratory  pressure.  PEEP  =  positive  end- 
expiratory  pressure. 


entiing  at  ihc  liiiic  pleuial  pivssiUL'  iiuiicatctl  the  onset  ot 
expiration  (Area  2  in  Fig.  2).  Area  2  represents  the  ability 
ot  the  ventilator  to  pressurize  the  system:  the  actual  area  of 
pressure-versus-time  applied  during  each  inspiration. 

7.  Inspiratory  area  percent.  The  percentage  that  the  re- 
mainder of  Area  2  minus  Area  1  represents  of  the  area  of 
an  ideal  airway  pressure  curve,  not  shown  in  Fig.  2.  cal- 
culated as: 

Area  Wc  =  [Area  2  -  Area  1  ]/L(PlP  -  PEEP) 

X  (Inspiratory  lime)]  X  KM)     ( I ) 

wherein  PIP  is  peak  inspiratory  pressure.  The  ideal  airway 
pressure  ciu\e  is  the  rectangle  defined  by  the  onset  of 
inspiration  ( |ilciii  al  pressure  change)  vertically  to  peak  pres- 
sure extending  to  the  time  inspiration  ends  (pleural  pres- 
sure change).  This  calculation  is  based  on  our  assumption 
that  the  most  itical  positive  pressure  breath  would  imme- 
diately pressuri/e  the  system  on  initiation  of  inspiration 
and  inuiiediatel\  return  to  baseline  al  the  end  of  inspira- 
tion. Thus,  no  Area  I  should  be  present.  Optimal  peifor- 
mance  would  be  an  .Area  I'r  of  lOO^r .  That  is.  the  closer 
the  ventilation  is  to  that  le\el.  the  more  optimal  is  its 
operation,  under  our  assumptions. 

8.  Peak  How.  The  maximimi  \cnlilator-deli\eied  How 
(in  L/min)  obtained  during  the  inspiratory  phase. 


The  following  expiratory  variables  were  measured: 

1 .  Expiratory  time  delay.  The  lime  between  the  onset  of 
exhalation  and  the  moment  when  airway  pressure  falls 
below  the  end-inspiratory  value.  This  represents  the  amount 
of  time  it  takes  for  the  airway  pressure  to  decrease  below 
set  inspiratory  level  after  the  lung  model  begins  to  expire. 
Ideally,  the  expiratory  time  delay  should  be  zero. 

2.  Supra-plaicau  expiratory  pressure  change.  The  differ- 
ence between  the  maximum  pressure  during  exhalation 
and  the  enil-inspiratory  pressure.  This  represents  the  amount 
of  pressure  abo\c  set  inspiratory  level  that  was  obtained 
dining  the  transition  to  exhalation.  Whenever  this  is  present, 
it  indicales  that  the  lung  model  began  to  expire  before  the 
ventilator  started  exhalation.  Ideallv.  the  supra-plaleau  ex- 
piratory pressure  change  should  be  zero. 

3.  Expiratory  pressure  area  (Area  E).  The  area  ot  the 
airway  pressure  curve  during  expiration,  calculated  as: 


Area  E  =  /(R,„  -  PEEP)  dl  (during  expiration) 


(2) 


This  area  represents  both  the  abihiv  of  the  ventilator  to 
coordinate  with  the  lung  model  the  transition  to  exhalation 
and  the  overall  resistance  of  the  expiratory  system.  Ideally. 
Area  E  should  be  zero. 
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Pressure  Control 


Pressure    (cm    H2O) 

Pressure  Support 


Galileo 


Siemens 


-T^' 


PB840 


Bear  1000 


V^ 


Drager 


l-^^ 


Fig.  3.  Airway-pressure-versus-time  waveforms  for  studied  ventila- 
tors at  minimum  (mn,  continuous  line),  medium  (md,  dotted  line),  and 
maximum  (mx,  dashed  line)  inspiratory  rise  times  in  pressure  assist/ 
control  mode  (left  column)  and  pressure  support  mode  (right  col- 
umn). With  the  Bear  1000  note  the  rate  of  pressurization  overshoot  of 
the  set  level  at  maximum  inspiratory  rise  time,  whereas  the  rate  of 
pressurization  was  unable  to  reach  the  preset  pressure  at  the  mini- 
mum inspiratory  rise  time.  PB  840  =  Puritan  Bennett  840  ventilator. 


Statistics 

Data  are  expressed  as  mean  ±  standard  deviation.  Com- 
parisons were  done  using  analysis  of  variance.  When  sig- 
nificant differences  were  observed,  post  hoc  analysis  was 
performed  with  the  Scheffe  test.  Differences  were  consid- 
ered significant  when  p  <  0.05.  Because  the  lung  model 
delivers  ver\'  consistent  breaths  and.  as  a  result,  small 
standard  deviations,  very  small  differences  (frequently 
within  measurement  error)  were  statistically  significant. 
We  did  not  consider  differences  clinically  important  un- 
less they  were  more  than  lO'/r.  .-Xll  statistical  analysis  was 
performed  using  commercially  available  software  (SPSS 
9.0.  SPSS.  Chicago.  Illinois). 

Results 

Inspiratory  Rise  Time 

Comparlscm  of  Pressure  Support  and  Pressure  .Assist/ 
Control,      [igures  .^  and  4  present  airway-pressure-ver- 


sus-time and  flow  -vorsiis-time  wa\eforms  for  each  \enti- 
lator  evaluated,  at  all  .^  rise  time  settings.  There  were 
significant  (p  <  0.05)  differences  between  PS  and  PA/C 
modes  during  inspiration,  but  few  were  considered  impor- 
tant (>  10%  difference).  Specifically,  time  to  return  trig- 
ger pressure  to  baseline,  inspiratory  delay  time,  trigger- 
pressure  time  product,  and  Area  Wc  differed  >  107r  between 
PS  and  PA/C  with  the  Drager  at  the  minimum  rise  time 
setting  (Tables  }•  and  4.  Figures  5  and  6).  and  Area  V(  with 
the  Drager  differed  >  109^  between  PS  and  PA/C  at  the 
medium  rise  time  setting.  Trigger-pressure  time  product 
differed  >  107f  between  PS  and  PA/C  on  the  Galileo  at 
minimum,  medium,  and  maximum,  and  on  the  PB  840 
at  minimum  rise  time  settings.  However,  significant  and 
important  differences  were  noted  during  expiration.  At 
most  rise  time  settings.  Area  E,  supra-plateau  expiratory 
pressure  change,  and  expiratory  time  delay  were  greater 


Flow  (Usee) 


Pressure  Control 


Pressure  Support 


Galileo  0 


:J^. 


Siemens  0 


:-r~\. 


Bear 


PB  840  • 


;:_r^, 


r1000„._/— ^ 


Drager  0 


Fig.  4.  Flow-versus-time  waveforms  of  studied  ventilators  at  min- 
imum (mn,  continuous  line),  medium  (md,  dotted  line),  and  maxi- 
mum (mx,  dashed  line)  inspiratory  rise  time  in  pressure  assist/ 
control  mode  (left  column)  and  pressure  support  mode  (right 
column).  With  the  Bear  1000  note  the  rate  of  pressurization  over- 
shoot of  the  set  level  at  maximum  inspiratory  hse  time,  whereas 
the  rate  of  pressurization  was  unable  to  reach  the  preset  pressure 
at  minimum  inspiratory  rise  time.  PB  840  =  Puritan  Bennett  840 
ventilator. 
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Tabic  ^.      Inspiralory  Trigger  Variiiblfs  ami  Area  I-.  During  Pressure  Support  at  3  Rise  Time  Sellings 


PS 

Gulileo 

Siemens 

PB  S40 

Bi  \R  KKHl 

1  >l,r 

P-T  (em  H.,0) 

minimumt 

8.42  +  0.  lots 

4.I6±0.10S 

4.59 

6.61  ±  0.09*5 

mcdiumt 

7.54  ±  0.(K)§|| 

3.83  ±  0.20§ 

3.77  ±  0.1 7SII 

4,78  ±  0.20 

6.28  ±  0.0«)8|| 

maximumt 

5.69  ±  0..14I1I 

1.91  ±0.09*11 

1.86  ±0.25*11 

4.43  ±  0.20 

4.26  ±  0.00*11 

D-T  (s) 

minimumt 

0.12  ±o.ous 

on  ±0.0l!i 

0.09  ±0.0 IS 

— 

0.12  ±0.00*5 

meiiiumt 

O.ll  ±  o.oosil 

o.in±o.oi§ 

0.08  ±  0.0 IS 

0.08  t  0.01 

O.ll  ±0.00811 

maximumt 

0.(W  ±  0.01  ill 

0.05  ±  0.01*11 

0.06  ±0.01  til 

0.07  t  0.(X) 

0.07  ±  0.01*11 

DB  (s) 

minimumt 

0.09  ±  0.(H)t!) 

0. 1 1  ±  0.(X)*S 

0.07  ±0.0I*§ 

— 

0.16  ±  0.01*8 

niediumt 

0.07  ±  O.OOSIJ 

0.07  ±  O.OIiiil 

0.05  ±0.01811 

0.08  ±0.0 IS 

0.13  ±0.01811 

maximumt 

0.05  ±0.01  til 

0.02  ±  0.00*11 

0.02  ±0.01*11 

0.04  ±  0.00* 

0.03  ±  0.01*11 

D-l  (s) 

minimumt 

0.21  i  O.OI+S 

0.22  ±0.0I*§ 

O.I6±0.0|t§ 

— 

0.28  ±0.01*8 

mediumt 

0.18  iO.OOSJI 

0.17±0.(K)§|| 

O.I3±O.OOS|| 

0.15  ±  O.OIS 

0.24  ±0.01811 

maximumt 

0.13  ±0.01*11 

0.07  ±0.01*11 

0.08  ±  0.00*11 

0. 1 1  ±  0.00* 

0.09  ±0.01*11 

Area  F.  (cm  H,0  •  s) 

minimumt 

12.61  ±  0.14 

5.87  ±  0.26 

6.19±0.04§ 

— 

2.95  ±0.18*8 

mcdiumt 

12.58  ±0.11 

5.88  ±  0.30 

6.27  ±  0.07§ 

4.59  ±  0.06S 

4.58  ±  0.4011 

maximumt 

12.56  ±0.06 

6.07  ±  0.10 

6.51  ±  0.05 J' 

4.24  ±0.18* 

4.59  ±  0.0611 

1*S  =  |>ivv>(irc  Mippitrt 

PB  =  PunTan  Bcnntfll. 

*No  data  available  for  Bear  KXN)  ai  minimum  selling. 

P-T  =  Irig^cr  prcviurc. 

tp  <  0.05  among  vcniilalors. 

tp  <  0.05  vs  medium  for  specific  vcnlilaior. 

5p  <  0.05  vs  maximum  fur  specific  vcniilator. 

Up  <  0.05  vs  minimum  for  specific  venlilaior- 

D-T  =  mspiralon,  trigger  lime. 

D-B  -  time  lo  relum  trigger  pressure  to  baseline. 

D-I  -  inspiralor>'  dclav  time. 

Area-E  =  area  of  the  airuay  pressure  curve  during  c\hiilalit>n 


(p  <  0.05  and  >  109'r  difference)  during  PS  (Tables  ^  and 
4.  Figures  7  through  9)  than  during  PA/C. 

Comparison  of  Rise  Times  (niiniiiuiin  vs  medium  vs 
maximum).  There  were  significiuu  (p  •  0.(_K)l)  and  ini- 
poiiant  (>  lO'f )  dilTerences  in  inspiratory  trigger  pressure. 
inspiratoi7  trigger  lime,  time  to  reiuni  trigger  pressure  to 
baseline.  inspiraloiA  dela\  time,  and  trigger-pressure  time 
product  in  all  ventilators,  but  only  minor  differences  in 
Area  E,  supra-piateau  expiratory  pressure  change,  and  expi- 
ratory time  delay  (p  <  0.05)  on  some  \entilators  during  both 
PS  and  PA/C  as  rise  time  was  altered  (Tables  3  ami  4.  i-igs. 
5-9).  Peak  flow  varied  (p  <  0.05 1  in  all  sentilators.  With  the 
Bkak  and  Driiger  \entilators.  peak  How  changed  >  lO'/r  as 
rise  time  varied.  At  the  minimum  rise  time,  only  peak  flow  of 
the  Bear  1000  could  be  derived  from  the  waveform,  incieas- 
ing  66'^  when  rise  time  was  changed  to  medium.  .As  noted  in 
Figure  3.  at  the  minimum  rise  lime  setting  on  the  Bi  \k  1()(M). 
airway  pressure  never  exceeded  zero.  pre\enting  us  from 
measuring  the  tlefuied  variables. 

Comparison  ,\mon);  V entilators.  Theie  were  significant 
(p  <  0.05)  antl  impoiiant  (  ■  lO'^^h  differences  among  ven- 
tilators at  each  rise  time  setting  for  all  variables  evaluated. 
The  trigger  pressure  o\'  the  Galileo  was  greater  (p  <  0.05) 
than  all  other  ventilators,  aiul  the  Siemens  trigger  pressure 


was  less  (p  <  0.05)  than  all  other  ventilators  except  the  PB 
S4().  The  inspiratory  trigger  time  of  the  Galileo  was  greater 
than  all  other  v  entilators  except  the  Driiger.  while  the  PB  840 
and  Bear  1000  had  the  shortest  (p  <  0.05)  inspiratory  trigger 
times.  The  Galileo  had  the  greatest  (p  <  0.05)  trigger-pres- 
sure time  product,  whereas  the  trigger-pressure  time  product 
of  the  PB  840  was  less  (p  <  O.CX)l )  ilian  the  (ialileo  and 
Driiger  but  not  less  than  the  Siemens  and  Bear.  Tlie  .Area  1'^ 
of  the  PB  840  was  greater  (p  <  0.05)  than  all  ventilators 
except  the  Bear.  The  Area  1%  of  the  Galileo  was  less  than  all 
ventilators  except  the  Siemens.  The  peak  flow  of  the  Driiger 
was  less  (p  <  0.001 )  than  all  ventilators  except  the  Siemens. 
However,  the  peak  flow  of  the  Bear  at  minimum  was  less 
(p  <  0.(X)1 )  than  all  ventilators.  Area  E  of  the  Driiger  was  less 
(p  <  O.(X)l)  than  that  of  all  other  ventilators.  The  supra- 
plateau  expiiaton  pressure  change  of  the  PB  840  was  less 
(p  ().(K)li  than  that  of  all  other  ventilators.  The  supra- 
platcau  expiratory  pressure  change  of  the  Bi  vk  was  greater 
(p  •-  0.05 1  ai  medium  ami  maximum  rise  times  than  any 
other  ventilator,  whereas  at  minimum  rise  lime  the  Galileo 
had  (he  greatest  supra-plateau  expiratory  pressure  change 
(p  •-;  0.05).  The  expiratory  time  delay  of  the  PB  840  was 
lower  (p  <  0.001)  than  that  of  any  other  ventilator.  In  PS 
mcxle  the  expiratory  time  delay  of  the  Galileo  was  greater 
(p  <  ().(X)1 )  than  any  other  ventilator.  In  P.\/C  iiKxIe  the 
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Talilc  4.       Inspiialiiry  Trigger  Variables  and  Area  I:  During  Pressure  Assisl/Cimtrul  al  3  Rise  Time  Settings 


PS 

Galileo 

Siemens 

PB  840 

Bear  1000* 

Driiger 

P-T  (cm  H,0) 

ininimuint 

9.07 

±  0.25t§ 

4.15  ±0.25§ 

4.05  ±  0.388 

— 

6.28  ±  0.09S 

iiieiiiuint 

7.9.^ 

i  0.25§|| 

3.77±0.17S 

3.94  ±0.I7S 

4.69 

±  0.38 

6.12±0.09S 

nia\imum"i" 

6.4.5 

±  0.09III 

1.97  ±0.28t|| 

2.08  ±  0.09tl| 

4.65 

±  0.53 

4.48  ±0.41  til 

D-T  (s) 

niininiuni' 

0.12 

±0.0  IS 

0.10±0.01tS 

0.09  ±  O.OOS 

— 

0.11  ±0.01S 

nieiliiiiivi" 

0.11 

±0.0  IS 

0.09  ±  O.OOSII 

0.08  ±0.0 IS 

0.07 

±0.01 

0.12  ±  0.0 IS 

rnaxiniumt 

0.10 

±  o.ootii 

0.05  ±  0.0  uii 

0.06  ±  0.01  til 

0.08 

±0.01 

0.07  ±  O.OOtll 

0-B  (s) 

mininiuiiit 

0.09 

±o.oits 

0.11    '  0.01  ¥5 

0.05  ±  0.(H)tS 

— 

O.ll  ±  0.01  s 

niediunit 

0.07 

±  o.oosii 

0.07  ±  0.01  Sll 

0.04  ±  O.OOSII 

0.08 

±0.0  IS 

0.11  ±0.0I§ 

niaxinuimi 

0.05 

±  o.ootii 

0.02  ±0.01  til 

0.02  ±  O.OOtll 

0.04 

±  o.oot 

0.03  ±  0.01  til 

D-I  (s) 

niininiumt 

0.22 

±0.0  Its 

0.22  ±  0.01  tS 

0.14±0.00tS 

— 

0.22  ±0.0 IS 

metliumt 

0.18 

±o.oisii 

0.16±0.01SII 

0.12  ±  O.OISII 

0.15 

±O.OIS 

0.22±0.01S 

maximumt 

0.1. S 

±  0.00±|| 

0.07  ±  O.OOtll 

0.08  ±  0.01 +11 

0.12 

±0.01t 

0.10±0.01tl| 

Are;i  H  (cm  H,0  •  si 

mininiumi 

10.97 

±  0.31 

5.12  ±0.16 

5.94  ±  0.04 

— 

4.07  ±  0.05S 

iiKxluini"'' 

II. .^6 

±  036 

5.37  ±  0.41 

6.17  ±0.10 

5.82 

±0.21 

4.00  ±  0.04S 

niaximunri' 

11.47 

±0.14 

5. .50  ±  0.21 

6.03  ±  0.35 

5.92 

±  0.26 

4.97  ±  O.OStll 

PS  ~  pressure  support 

PB  ^  Purilan  Bcnnell. 

•No  data  available  for  Bi  \r  KHHI 

II  nimimum  ^clllne. 

P-T  =  trigger  pressure. 

+p  <  0.05  among  vcntilalorN, 

tp  <  0.05  vs  medium  for  specific 

ventilator. 

§p  <  0.05  vs  maximum  for  specifi 

c  ventilator. 

lip  <  0.05  vs  minimum  for  specific 

ventilator. 

D-T  =  inspiralory  trigger  lime. 

D-B  =  time  lo  return  trigger  pressure  to  baseline. 

D-I  =  inspirator)-  dclav  time. 

Area-E  =  area  of  the  airway  pressure  cur\e  during  L'\h>ilalioi 

expiratory  time  delay  of  the  Bear  was  greater  (p  <  0.05)  tiian 
tiiat  of  any  other  \entilator. 

Inspiration  Termination  Criteria 

Figure  10  illustrates  the  airway-pressure-versus-time  antJ 
no\\-\ersus-time  waveforms  of  the  Galileo  anti  PB  840 


during  the  3  inspiration  termination  criteria  settings  in  PS 
mode.  There  were  significant  (p  <  0.001)  and  important 
(>  10%)  differences  between  all  studied  expiratory  vari- 
ables among  ventilators  at  each  inspiration  termination 
criteria  setting  (Fig.  1 1).  There  were  no  significant  differ- 
ences among  the  inspiratory  phase  variables  of  each  ven- 
tilator when  the  inspiration  termination  criteria  were 


Galileo 


Siemens 


Pb840 


BearlOOO 


Drager 
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0-       X 

1— 

0  8  - 
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Fig.  5.  Effect  of  minimum  (mn),  medium  (md)  and  maximum  (mx)  inspiratory  nse  times  on  tngger-pressure 
time  product  (T-PTP)  during  pressure  support  mode  (open  bars)  and  pressure  assist/control  mode  (closed 
bars)  with  each  tested  ventilator.  Pb840  =  Puritan  Bennett  840  ventilator,  a:  p  •  0.05  versus  minimum,  b: 
p  '  0.05  versus  medium,  c:  p  <  0.05  versus  maximum.  T-PTP  decreased  with  all  ventilators  in  both 
pressure  support  and  pressure  assist/control  mode  as  rise  time  increased  (p  •    0.005). 
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Fig.  6.  Etiect 
area  percent 
(closed  bars) 
minimum,  b; 
ventilators  in 


md  mx  '  mn  md  mx    mn  md  mx     mn  md  mx    mn  md 

of  minimum  (mn),  medium  (md)  and  maximum  (mx)  inspiratory  nse  times  on  inspiratory 
(Area  1%)  during  pressure  support  mode  (open  bars)  and  pressure  assist/control  mode 
with  each  tested  ventilator.  Pb840  =  Puntan  Bennett  840  ventilator,  a:  p  •  0.05  versus 
p  ■  0.05  versus  medium,  c:  p  <  0.05  versus  maximum.  Area  1%  Increased  with  all 
both  pressure  support  and  pressure  assist/control  as  rise  time  increased  (p  •    0.05). 


changed  (Tabic  5).  When  ihc  P\i  S4()  was  set  al  the  min- 
imum inspiration  lerminalion  criteria,  the  ventilator  pre- 
maturely cycled  to  exhalation  (I-ig.  10).  and  as  a  result 
Area  E  was  negative.  Consequently,  supra-plateau  ex- 
piratory pressure  change  and  expiratory  time  delay  were 
zero  and  they  differed  significantly  (p  <  0.03)  from  the 
medium  and  maximum  settings  (Fig.  II). 

Discussion 

The  principle  findings  of  this  siud\  are: 

1.  On  all  ventilators,  varying  the  rise  time  produceil 
major  differences  in  inspiratory  variables,  but  only  small 
differences  in  expiratory  variables. 


2.  Changing  the  inspiration  lerminalion  criteria  did  not 
affect  inspiratory  variables  but  markedly  affected  all  ex- 
piratory variables  evaluated. 

.^.  There  were  major  (>  lO'/r)  differences  among  ven- 
tilators as  inspiratory  rise  lime  and  inspiration  termination 
criteria  were  \aried. 

4.  There  were  minimal  dilicrcnces  between  PS  and  PA/C 
on  most  ventilators  as  inspiratory  rise  time  v\as  altered. 

Rise  Time 

It  has  hccii  clearly  established  that  patient  effort  and 
work  of  breathing  are  affected  by  the  ventilator's  ability 
to  meet  patient  peak  inspirator}  demand.'-  ''  It  How  does 
not  match  patient  demand,  paticnt-xcniilator  dyssynchrony 
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Fig.  7.  Effect  of  minimum  (mn).  medium  (md),  and  maximum  (mx)  inspiratory  rise  times  on  supra- 
plateau  expiratory  pressure  change  (P-E)  dunng  pressure  support  mode  (open  bars)  and  pressure 
assist/control  mode  (closed  bars)  with  each  tested  ventilator.  Pb840  =  Puritan  Bennett  840  ventilator, 
a:  p  <  0.05  versus  minimum,  b:  p  <  0.05  versus  medium,  c;  p  ■  0.05  versus  maximum.  "  p  -  0.05 
for  pressure  support  versus  pressure  assist/control. 
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Fig.  8.  Effect  of  minimum  (mn).  medium  (md),  and  maximum  (mx)  inspiratory  rise  times  on  expiratory 
time  delay  (D-E)  during  pressure  support  mode  (open  bars)  and  pressure  assist/control  mode  (closed 
bars)  with  each  tested  ventilator.  Pb840  ^  Puritan  Bennett  840  ventilator,  a:  p  0.05  versus  minimum, 
b:  p  <  0.05  versus  medium,  c:  p  <  0.05  versus  maximum.  '  p  ■ .  0.05  for  pressure  support  versus 
pressure  assist/control. 


occurs."'  In  general.  PS  and  PA/C  are  better  capable  of 
meeting  inspiratory  demand  than  is  volume  ventilation.'  - 
Ideally,  in  pressure  ventilation,  the  rise  in  gas  flow  should 
match  the  patient's  demand  for  tlow.^  Although  studies  of 
flow  synchrony  during  pressure  ventilation  suggest  that  many 
patients,  because  of  increased  ventilatory  deinand,  require  a 
rapid  rise  time,  there  are  patients  in  whom  a  rapid  rise  time 
results  in  the  initial  system  pressure  exceeding  the  set  lev- 
el.'''-'* In  these  patients  a  lower  rise  time  is  preferable. 

All  the  ventilators  we  tested  had  a  large  range  in  the 
levels  of  inspiratory  variables  evaluated  as  rise  time  was 
altered.  However,  the  range  was  not  linear  in  most  venti- 
lators. The  greatest  change  occuned  when  moving  from 


medium  to  ma.\imum  rise  time.  This  was  not  true  for  the 
Bear,  which  performed  poorly  at  minimum  setting,  pri- 
marily because  of  limited  peak  flow.  We  did  not  expect  a 
change  in  trigger  pressure  as  rise  time  was  varied  but  did 
expect  an  increase  in  the  time  to  return  trigger  pressure  to 
baseline,  total  time  delay,  and  trigger-pressure  time  prod- 
uct. The  increase  in  trigger  pressure  as  rise  time  decreased 
at  a  fixed  lung  model  ventilatory  drive  is  a  result  of  the 
inability  of  the  flow  provided  by  the  ventilator  to  reverse 
the  descent  in  airway  pressure  as  quickly  as  at  a  more 
rapid  rise  time.  That  is,  activation  of  the  flow  demand 
system  was  less  capable  of  reversing  the  descent  in  airway 
pressure  as  rise  time  decreased. 
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Fig.  9.  Effect  of  minimum  (mn),  medium  (md)  and  maximum  (mx)  inspiratory  rise  times  on  peak  flow/ 
during  pressure  support  mode  (open  bars)  and  pressure  assist/control  mode  (closed  bars)  with  each 
tested  ventilator,  a:  p  ■  0.05  versus  minimum,  b:  p  ■  0.05  versus  medium,  c:  p  -  0.05  versus 
maximum.  Peak  flow  increased  with  all  ventilators  in  both  pressure  support  and  pressure  assist/ 
control  as  rise  time  increased  (p  ■    0.05). 
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Fig.  10.  Airway-pressure-versus-time  (left  column)  and  flow-versus-tlme  (right  column)  waveforms  of  studied  ventilators  at  minimum  (mn, 

continuous  line),  medium  (md.  dotted  line),  and  maximum  (mx.  dashed  line)  inspiration  termination  criteria.  Premature  exhalation  occurred 
when  minimum  inspiration  termination  critena  were  set  on  the  Puritan  Bennett  840  ventilator  (PB  840). 


On  some  ot  these  ventilators  (PB  840.  Siemens  300.  and 
Galileo),  little  change  in  peak  tlow  was  observed  as  rise 
time  decreased.  This  is  a  result  of  2  factors:  ( 1 )  the  con- 
sistent ventilatory  pattern  of  the  lung  model  unaffected  by 
changes  made  on  the  ventilator  (contrary  to  what  is  ob- 
served in  patients),  and  (2)  the  capability  of  these  venti- 
lators to  maintain  gas  delivery  in  spite  of  a  change  in  rise 
time.  As  noted  in  Figures  3  and  4.  airway  pressure  and 
flow  waveforms  changed,  but  peak  tlow  changed  little 
between  minimum  and  maximum  rise  time  settings. 

In  this  evaluation,  changes  in  rise  time  had  minimal 
effect  on  cycling  to  exhalation.  This  is  contrary  to  what  we 
expected,  pailicularly  in  ventilators  that  use  a  fixed  per- 
centage of  peak  flow  as  the  first  criterion  for  termination 
of  inspiration.  We  anticipated,  as  shown  by  Branson  et  al" 
and  Bonmarchard  et  al,"*  that  as  rise  time  was  decreased, 
peak  flow  would  decrease  and  inspiratory  time  would  in- 
crease. However,  our  lung  model  had  a  fixed  inspiratory 
time  of  1  second  and  a  fixed  ventilatory  drive,  so  expected 
changes  in  expiratory  variables  may  not  have  been  observ- 
able. In  fact,  the  lung  model  end-inspiratory  fiow  was 
high,  resulting  in  all  ventilators  cycling  to  exhalation  by 
pressure  criteria.  Our  results  have  evaluated  the  ability  of 
these  ventilators  to  cycle  when  patient  end-inspiratory  fiow 
exceeds  the  ventilator's  termination  criteria. 

Inspiration  1  irniination  Criteria 

Inspiration  in  P.S  mode  is  terminated  by  one  of  3  mech- 
anisms. The  primary  method  is  a  decrease  in  fiow.  The 


second  is  a  rise  in  pressure  aho\e  the  target  setting.  The 
third  is  inspiratory  time  excecdnig  a  specific  maximum 
duration.  It  has  been  shown  by  Jubran  et  al"  and  Parthasar- 
athy  et  al"  that  cycle  dyssynchrony  during  PS  mode  oc- 
curs because  of  acti\ation  of  abdominal  muscles  during 
the  inspiratory  phase,  increasing  patient  effort  and  the  num- 
ber of  failed  trigger  efforts,  whereas  variabilit\  in  inspira- 
tory cycling  criteria  has  been  shown  b\  Maclnivre  and 
Ho' no  have  limited  impact  on  patient- ventilator  synchrony . 
However,  Calderini  et  al"*  showed  marked  improvement 
in  patient  ventilator  synchronv  during  noninvasive  venti- 
lation when  a  fixed  inspiratory  lime  dining  \\\/C  mode 
replaced  the  variable  inspiratory  time  in  PS  mode. 

Recentlv.  Yamada  and  Du'"  mathematicallv  modeled 
the  factors  that  affect  synchrony  durmg  the  transition 
from  inspiration  to  expirafion.  Specifically,  they  deter- 
mined that  the  relationship  of  fiow  at  the  end  of  a  pa- 
tient's neural  inspiratory  lime  to  peak  inspiratorv  How 
is  related  to  2  factors:  ( 1 )  the  ratio  oi  the  respiratory 
time  constant  to  the  patient's  neural  inspiiatt)ry  time, 
and  (2)  the  ratio  of  the  set  PS  level  to  the  maximum 
inspiratory  muscle  pressure.  As  a  result,  ihcv  reported 
that  the  ratio  of  patient  neural  inspiratory  time  to  peak 
inspiratory  tlow  may  range  from  I  to  S.^i.  dependent  on 
respiratory  mechanics  and  venlilaiorv  drive.  Ihiiv.  with 
set  inspiration  termination  criteria,  a  patient  can  end 
inspiration  before  or  after  the  ventilator  reaches  its  ter- 
mination flow.  Variability  in  inspiration  termination  cri- 
teria clearly  increases  the  probability  of  patient-venti- 
lator synchrony.  In  our  experience,  problems  with 
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Fig.  1 1 .  Effect  of  inspiration  termination  cntena  on  Area  E  (top 
panel),  supra-plateau  expiratory  pressure  ctiange  (P-E)  (middle 
panel),  and  expiratory  time  delay  (D-E)  (bottom  panel)  in  pressure 
support  mode.  There  were  significant  (p  <  0.001)  differences  in 
Area  E,  P-E,  and  D-E  between  the  Puritan  Bennett  840  (PB840) 
and  Galileo  at  every  inspiration  termination  criteria  setting. 


inspiration  termination  synciirony  are  primarily  observed 
in  patients  with  chronic  obstructive  pulmonary  disease 
ventilated  with  ventilators  requiring  very  low  fixed  flows 
or  very  small  percentages  of  peak  flow  to  terminate 
inspiration. 

As  shown  in  Figure  1 1.  there  were  marked  differences 
between  the  Galileo  and  PB  840  in  expiratory  variables  as 
inspiration  termination  criteria  were  varied.  The  PB  840 
had  a  wide  range  of  terminating  flow;  so  much  so  that  at 
the  maximum  setting  the  ventilator  terminated  inspiration 
before  the  lung  model  was  ready  to  exhale,  which  is  po- 
tentially a  concern  in  patients  who  require  careful  obser- 
vation of  waveforms  and  ventilatory  response  to  alter- 
ations in  the  termination  criteria.  On  the  other  hand,  changes 
to  the  termination  criteria  on  the  Galileo  did  not  seem  to 
affect  the  ventilator's  cycling  to  exhalation.  We  have  no 
specific  explanation  for  that  failure.  No  changes  were  made 
in  the  lung  model  setting  between  ventilators.  Since  the 
range  of  variability  in  termination  criteria  is  similar  be- 
tween these  2  ventilators  (see  Table  2)  and  the  peak  tlow 
delivered  by  these  2  ventilators  differed  by  <  10%  during 
this  e\aluation  (see  Table  5).  we  expected  the  Galileo  antl 
PB  840  to  respond  similarly. 


Automation 

As  we  have  shown,  all  of  the  \entilators  studied  ha\c 
the  ability  to  vary  rise  lime  or  both  rise  time  and  inspira- 
tion termination  criteria.  However,  clinicians  often  have 
difficulty  finding  the  proper  settings  for  these  variables. 
Proper  setting  of  both  requires  careful  assessment  of  pa- 
tient synchrony  with  the  \entilator.  which  is  difficult  to 
achieve  without  observation  of  the  inspiratory  airway  pres- 
sure waveform.  Ideally  set  rise  time  avoids  a  delay  in 
initial  gas  delivery  and  a  concavity  of  the  initial  rise  in 
pressure  (inadequate  rise  time)  and  also  avoids  pressure 
overshooting  the  target  pressure  in  early  inspiration  (too 
high  a  rise  time).  Proper  setting  of  inspiration  termination 
criteria  avoids  an  increa.se  in  airway  pressure  at  end  inspi- 
ration (neural  inspiratory  time  shorter  than  \entilator  in- 
spiratory time).  However,  even  if  we  can  adjust  these  \ari- 
ables  perfectly,  the  settings  may  only  be  perfect  for  the 
moment  they  are  set.  Any  change  in  patient  demand  or 
neural  inspiratory  time  will  result  in  dyssynchrony.  as  in 
volume  ventilation  v\  ith  a  fixed  inspiratory  flow  pattern.  A 


Table  .S.       Inspiralory  Trigger  Variables,  Area  ["X.  and  Peak  Flow 
During  Pressure  Support  at  3  Inspiration  Termination 
Criteria  Settings 


ITC 

Galileo 

PB  840 

P-T  (cm  H.O) 

minimum* 

6.83 

±0.25 

2.19 

±0.10 

medium* 

6.83 

±0.25 

2.03 

±0.25 

maximum* 

6.61 

±0.25 

2.35 

±0.41 

D-T(s) 

minimum* 

0.09 

±0.01 

0.06 

±0.01 

medium* 

0.10 

±0.01 

0.06 

±0.01 

maximum* 

0.09 

±  0.01 

0.06 

±0.00 

D-B  fs) 

minimum* 

0.05 

±0.01 

0.02 

±0.01 

medium* 

0.05 

±  0.00 

0.02 

±0.01 

maximum* 

0.05 

±0.00 

0.02 

±0.00 

D-I  (s) 

minimum* 

0.14 

±  0.(X) 

0.08 

±0.01 

medium* 

0.15 

±0.01 

0.08 

±  O.Of) 

maximum* 

0.14 

±0.01 

0.08 

±  0.00 

T-PTP(cni  H.O-s) 

minimum* 

0.47 

±0.02 

0.07 

±  0.00 

medium* 

0.48 

±  0.03 

0.07 

±  0.01 

maximum* 

0.45 

±0.02 

0.08 

±0.02 

Area  1% 

minimum* 

75.43 

±0.45 

85.37 

±  1.44 

medium* 

74.86 

±  1.45 

86.75 

±0.58 

maximum* 

74.94 

±  0.85 

86.42 

±0.57 

Peak  tlow  (L/niin) 

minimum* 

1.71 

±  0.03 

1.60 

±0.01 

medium* 

1.71 

±  0.03 

1.60 

±0.00 

maximum" 
crilcnii. 

rcssurv  to  tiiscliiic. 

product, 
rccnt. 

1.70 

±0.02 

1.60 

±0.00 

ITC  =  inspiraiion  lcniiin;iliun 
PB  ^  Puritan  Bcnncll. 
P-T  ==  inggcr  pressure. 
I^- 1'  =  inspiratory  trigger  time 
D-B  =  lime  to  return  trigger  \ 
Vi-\  -  inspiralory  delay  time. 
T-PTP  ^  trigger  pressure  time 
Area  Vk  =  inspiratory  ;irea  pt 
•p  <  0.05  among  ventilators. 
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paiiciiis  need  tor  a  specific  rise  lime  aiul  inspiiaiitm  ler- 
mination  criteria  can  vary  rapidly,  making  it  necessary  to 
reset  these  variables.  The  ability  tor  clinicians  to  adjust 
rise  time  and  inspiration  termination  criteria  is  an  improve- 
ment over  the  original  design  of  pressure-targeted  venti- 
lation, but  it  may  not  be  the  tlnal  improvement.  As  illus- 
trated by  many  investigators,  there  are  many  issues 
associated  with  dyssynchrony  during  pressure  venti- 
lation.''^'"'' '"  The  next  step  is  to  automate  the  adjust- 
ment of  rise  lime  and  inspiration  termination  criteria  to 
ensure  continued  synchrony.  We  would  expect  the  next 
generation  of  mechanical  ventilators  to  be  able  to  assess 
patient  synchrony  during  pressure  ventilation  and  to  auto- 
matically adjust  rise  time  and  inspiration  termination  cri- 
teria on  a  breath-by-brealh  basis.'" 

Pressure  Support  Versus  Pressure  Assist/Control 

Little  difference  exists  between  the  operation  of  PS  and 
PA/C  as  rise  time  is  adjusted  v\  ith  any  of  the  ventilators  we 
evaluated.  This  is  consistent  with  our  previously  published 
data  comparing  these  2  pressure-targeted  modes  on  these 
same  ventilators." 

Limitations 

There  are  a  number  of  limitalions  to  this  study.  Most 
impoiiantly.  it  was  performed  on  a  lung  model.  As  a  result, 
extrapolating  the  data  to  patients  must  be  done  cautiously, 
since  spontaneously  breathing  patients  have  numerous  in- 
puts controlling  ventilation  (neural,  mechanical,  and  chem- 
ical, as  well  as  pain  and  anxiety).  Second,  the  lung  model 
had  a  fixed  inspiratory  time  of  1.0  s.  Our  results  may  have 
been  different  if  inspiratory  time  was  different.  Third,  we 
evaluated  only  a  single  lung  model  peak  inspiratory  flow. 
The  performance  of  these  ventilators  may  differ  at  other 
peak  inspiratory  flows.  Finally,  the  large  differences  ob- 
served in  this  lung  model  study  inay  not  reflect  any  vari- 
ation in  clinical  impact  with  the  use  of  these  ventilators. 
Clinical  studies  are  needed  to  identify  the  actual  clinical 
impact  of  changes  in  rise  time  or  inspiration  termination 
criteria  with  any  ventilator. 

Conclusions 

Varying  the  rise  time  settings  resulted  in  major  differ- 
ences in  inspiratory  variables  on  all  ventilators  evaluated, 
but  little  difference  in  expiratory  variables.  The  opposite 
occurred  as  inspiration  termination  criteria  were  altered. 
Marked  changes  in  expiratory  variables  were  observed, 
but  little  effect  was  observed  on  inspiratory  variables.  Only 
small  (but  statistically  significant  i  differences  were  observed 
on  any  ventilator  between  PS  and  PA/C.  but  kirge  differences 
were  observed  between  ventilators  during  all  conditions  eval- 
uated. The  differences  between  PS  and  PA/C  were  mosily 
related  to  variables  asscxriated  with  expiration. 
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Mean  Alveolar  Pressure  During  Constant-Flow 
and  Constant-Pressure  Inflation  oi'  Diseased  Lungs 


Mohamad  F  EI-Khatib  PhD  and  Ghassan  Jamaleddine  MD 


INTRODUCTION:  An  important  goal  in  manaj^ing  meclianical  ventilation  is  optimizing  l<t'v  vari- 
ahles  such  as  mean  ahcolar  pressiiru  (P^).  I'l  RI'OSK:  Determine  the  elTects  of  hing  mechanics  on 
P^  during  constant-flow  inflation  (CFI)  and  constant-pressure  inflation  (C'PIl  in  models  ol  nonho- 
mogenous  lung  disease.  METHODS:  We  postulated  a  mathematical  lung  model  consisting  of  2 
parallel  lung  units  with  the  airways  and  the  chest  wall.  Analysis  was  performed  for  step  inputs  of 
inspiratory  flow  and  pressure  while  maintaining  the  same  tidal  volume,  respirator)  frequency,  and 
positive  end-expiratory  pressure.  The  analysis  was  performed  for  purely  restrictive,  purely  ob- 
st^ucti^e.  and  mixed  lung  disease.  RF^Sl  LTS:  W  hen  simulating  purel>  restricti\e  lung  disease,  P^ 
was  always  higher  in  healthy  alveoli  than  in  diseased  alveoli,  with  constant  inspiratory  flow  or 
constant  inspiratory  pressure.  However,  P^  in  each  alveoli  was  always  greater  during  CPI  than 
during  CFI.  For  purely  obstructive  lung  diseases,  P^  was  always  lower  in  diseased  aheoli  than  in 
healthy  alveoli,  with  constant  inspiratory  flow  or  constant  inspiratory  pressure.  However,  P^  in 
each  alveoli  was  always  greater  during  CPI  than  during  CFI.  For  mixed  lung  diseases  with  equal 
time  c<tnstants,  P^  was  always  higher  in  diseased  alveoli  than  in  healthy  alveoli,  with  constant 
inspirator)  flow  or  constant  inspiratory  pressure.  However,  P^  in  each  alveoli  was  alwa>s  the  same 
during  CPI  as  during  CFI.  CONCLUSIONS:  For  the  same  tidal  volume,  the  mean  alveolar  pressure 
in  different  alveoli  depends  (tn  the  type  of  disease.  The  difference  in  mean  alveolar  pressure  between 
a  normal  and  a  diseased  alveolus  depends  on  the  difference  in  time  constant  between  those  alveoli, 
regardless  of  the  mode  of  ventilation.  Key  wonl.s:  mean  alveolar  pressure,  mechanical  vcntilatum.  lung 
niechaniis.  alveoli,  constant  flow,  constant  pressure.     [Respir  Care  2001  ;46(7):678-685] 


Introduction 

Constant-flow  inflation  (CFI)  and  constant-pressure  in- 
flation (CPI)  are  common  modes  of  ventilatory  support 
used  in  managing  patients  suftering  respiratory  failure. 
During  CFI.  breaths  are  delivered  according  to  a  selected 
flow  magnitude  and  pattern  (ie.  square)  and  inspiration 
ends  when  a  \olume  target  is  reached.'  '  With  CFI.  airway 
pressure  is  the  dependent  variable  that  should  be  moni- 
tored and  alarmed.  During  CPI.  the  \entilator  increases 
airway  pressure  to  an  operator-defined  le\el  at  the  start  of 
inspiration.  Throughout  the  inspiratory  phase,  the  flow  de- 
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creases  to  maintain  peak  airway  pressure  at  the  set  level  as 
lung  volume  increases.  With  CPI.  tidal  volume  (V,)  and 
flow  are  the  dependent  \  ariables.  Inspiratory  time  and  max- 
imum cycle  time  are  also  set  b\  the  clinician.'-'' 

There  is  surprisingl\  little  data  comparing  CFI  to  CPI  in 
terms  of  gas  exchange  and  o.\ygenalit)n-'-^  when  the  same 
Vj  is  used.  Numerous  mathematical,  electrical,  and  me- 
chanical models  have  been  proposed  to  simulate  respira- 
tory system  behaviour  in  response  to  specific  settings  or 
characteristics  of  a  certain  mode  of  ventilation.'"  '^  This 
was  usually  done  by  assessing  some  key  output  variables 
related  to  airway  and  alveolar  pressures.  However,  the 
majority  of  these  models  have  assumed  the  respiratory 
svstem  to  behave  as  a  single  compartment,  with  constant 
lumped  values  of  resistance  and  compliance.  Earlier  work 
by  Otis  et  al."  and  more  recent  studies  by  Bates  et  al.'" 
Chelucci  et  al."  Hotchkiss  et  al.'-  and  Chatburn  et  al" 
indicated  that  a  2-compaitnient  model  offers  unique  in- 
sight relevant  to  the  distribution  of  gas  among  lung  units 
with  unequal  time  constants,  which  is  a  better  representa- 
tion of  nonhomoiieneoush  distributed  lung  disease. 
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Fig.  1.  Two-compartment  model  of  the  respiratory  system.  R^^^  =  upper  airway  resistance.  R,  =  airway 
resistance  of  lung  unit  1.  R,  =  airway  resistance  of  lung  unit  2.  C,  =  compliance  of  lung  unit  1. 
C2  =  compliance  of  lung  unit  2.  Ccw  chest  wall  compliance.  V,  =  total  gas  flow.  V,  ---  gas  flow 
through  lung  compartment  1.  V2  =  gas  flow  through  lung  compartment  2.  CFI  =  constant-flow 
inflation.  CPI  =  constant-pressure  inflation. 


Herein  we  compare  the  mean  alveolar  pressure  (P^). 
which  is  a  determinant  of  arterial  oxygenation  to  the  extent 
lha(  it  expands  the  iimg.  at  the  same  Vj  with  conslanl 
inspiratory  flow  and  pressure  applied  to  a  mathematical 
model  of  the  respiratory  system.  Ours  is  a  2-compartment 
model,  which  allows  mimicking  various  types  of  lung  dis- 
ease, with  the  assinnption  thai  deflatiiin  occurs  passively. 

Methods  and  Computational  Theory 

Figure  1  presents  a  simplified  anahlical  moilel  ot  the 
respiratory  system.  It  incorporates  2  parallel  lung  units  that 
could  represent  whole  lungs  or  neighbouring  alveoli.  Each 
lung  unit  has  its  individual  compliance  (C,,  C;)  connected, 
in  series,  with  a  resistance  (R,.  R,).  The  parallel  lung  units 
are  connected  in  series  with  a  proximal  or  upper-airway 
resistance  (which  might  correspond  to  any  immediately 
proximal  common  branch  such  as  an  endotracheal  tube  or 
an  alveolar  duct),  and  a  chest-wall  compliance.  The  chest 
wall  is  assumed  to  have  no  resistance;  however,  this  as- 
sumption has  no  practical  relevance  to  our  model,  because 
chest-wall  resistance  can  be  considered  as  part  of  a  large 
resistance  that  includes  upper-airway  resistance.  This  model 
assumes  that  all  resistances  and  compliances  remain  con- 
stant throughout  the  inspiratory  phase.  This  assumption  is 
probably  valid  as  long  as  V,  and  flows  are  normal  for 
areas  near  the  alveolar  level,  where  turbulence,  w  hich  coukl 
cause  resistance  to  be  nonlinear,  is  unlikely. 

P,^  can  be  expressed  by  the  following  equation:'" 


Pa  =  Pa.  +  Vk{R[:  -  R,) 


(1) 


wherein  P,„  is  mean  airwas  pressure.  Vg  is  minute  ventila- 
tion. R,  is  expiraton  airwav  resistance,  and  R,  is  inspiratory 
airway  resistance.  When  R,  and  Ri^  are  equal,  P,,,  will  equal 


P.iw  P.i«  '''"d  V,:  both  depend  greatly  on  the  mode  of  me- 
chanical ventilation  (ie.  the  driving  pressure  or  \()lume). 

Mathematical  Representation  of  the  Model 

The  mathematical  representation  ol  ihc  model  was  pre- 
viously described  in  more  detail."  It  uses  the  previously 
described  model  equations  and  derivations"  but  expands 
to  emphasi/e  mean  lung  pressures  rather  than  simph  lung 
flow  s  and  volumes,  plus  the  addition  of  unequal  inspira- 
tory and  expiratory  resistances.  It  takes  into  consideration: 

•  The  equation  of  motion  of  the  respiratory  system, 

■  That  two  or  more  parallel  components  experience  the 
same  pressure  drop,  and 

•  That  2  or  more  series  components  ^hare  the  same  gas 
flow. 

The  2-compartment  model  can  be  represented  b\  the 
following  equations: 

APTR(t)  =  V„„(t)  X/(R|,  C|.  R:,  C;,  R^  ^.  Qw)  (2) 

V„.,(t)  =  V,(t)-^  V:(t)  (3) 

V|(t)X/i:R|,C|)  =  V,(t)xy(R,.C:)  (4) 

wherein  AP^  is  the  pressure  drop  across  the  respirators- 
system.  V  is  the  gas  flow  through  cither  lung  compartment 
(ie.  V|  and  V,)  or  total  gas  How  iV„„).  Ry^  is  upper- 
airway  resistance,  and  C^ ,,v  is  chest-wall  compliance.  The 
functit)n  /  is  a  mathematical  expression  function  oi  both 
airway  resistance  and  lung  compliance  and  represents  the 
compartment  impedance."  Fi|uation  2  indicates  that  pres- 
sure is  the  pioducl  of  flow  and  impedance,  the  latter  rep- 
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resented  us  a  gciiLMali/cil  rLincimn  ol  ihc  \arioLis  resis- 
tances and  eonipliance  listed.  Equation  3  reflects  that  the 
total  flow  iiiH)  the  lungs  is  the  sum  of  the  Hows  into  the  2 
ct)nipartnients.  litjuation  4  reflects  that  the  pressure  dro|i 
across  lung  unit  I  is  the  same  as  that  across  lung  unit  2. 
because,  as  indicated  in  Equation  I.  pressure  is  the  product 
of  How  and  impedance. 

Coiistuiit  l\o\\  liillutiun 

During  CFI,  the  flow  waveform  was  considered  rectan- 
gular (ie.  constant  How  during  inspiratory  phase).  With  a 
constant  inspiratory  How  substituted  for  V|„,  in  Equations 
2  and  3,  the  set  of  equatit)ns  is  solved  for  indi\idual  Hows 
(ie.  V|(t)  and  V_,(t)  and  for  AP|^lt)).  Intinidual  Milumes 
(ie.  V|(t)  and  V,(t))  are  then  derived  by  integrating  the 
indi\idual  flow  signals  over  time."  The  pressure  drops 
across  each  huig  unit  (APi  ,(1)  and  AP,  ,(t))  and  the  re- 
specti\e  mean  airway  pressures  (P„^|(t)  and  Pawi"))  '"'e 
then  derived  (see  Appendix). 

Finally,  the  resulting  P^  are  determined  using  Equation 
1: 


P.^i(t)  =  (  I    AP,  |(t)dt  +  PEEP  X  Te)/T„„  +  V|(t)  X  RR 

X  (R,.  -  R|)     (3) 


PA:(t)  =  (      AP,  :(t)dt  +  PEEP  X  T,,)/T„„  +  V:(t)  X  RR 


X(Rp-R|)     (6) 

wherein  RR  is  respiratory  rate.  T,,,,  is  total  respiratory 
cycle  lime  (inspiratory  time  |T||  +  expiratory  time  [T^.]). 
and  PEEP  is  positise  end-expiration  pressure. 

Constant  Pressure  Inflation 

During  CPI  with  a  rectangular  pressure  waveform,  the 
iransrespiratory  pressure  (Pjr  =  pressure  at  the  airway 
opening  -  pressure  at  the  body  surface)  stays  constant 
throughout  the  inspiratory  phase.  With  this  fact,  the  set  of 
Equations  2-4  is  solved  for  V,^„(t),  V,(t).  and  V,(t).  which 
are  then  integrated  over  time  to  derive  the  corresponding 
volumes ( V,.^,(t).  V|(t). and  V,(t))." Next,  AP,  ,(1).  AP,  ,(t), 
P.,„,(t),  and  P,„2(t)  are  detennined  (see  Appendix).  Finally, 
P^i(t)  and  PA,:>(t)  are  derived  using  Equations  5  and  6. 

Disease  Sinuiiation 

Airway  resistances  and  lung  compliances  that  simulate 
pure  unilateral  restrictive  (ie,  R,   =  R,  and  C,   ^  C,), 


obstrucli\e  (ie,  R,  '  R,  and  C,  =  C,).  and  mixed  (ie. 
Ri  <  Rt  and  C,  >  C,)  lung  diseases  were  analyzed  (Table 
I ).  Also,  R|.  was  approximately  twice  as  large  as  R,. 

During  CFI.  the  step  change  in  inspiratory  flow  was  set  at 
60  L/min  or  1  Us.  During  CPI.  the  step  change  in  inspiratory 
pressure  was  set  so  as  to  yield  the  same  Vj  as  during  CFI. 

A  respiratory  rate  of  1 2  breaths/min  and  PEEP  of  5  cm 
H^O  were  used  for  the  sinuilalions. 


Results 


I  he  Case  Where  R,  =  R.  and  C,  ^  Cj 

When  simulating  a  purely  restrictive  unilateral  lung  dis- 
ease (ie.  C;  <  C,).  the  P^  in  each  alveoli  was  higher 
during  pressure-controlled  ventilation  than  during  volume- 
controlled  ventilation  (ie,  Pai-cpi  ^  Pai-ci  i  '*"''  Pa2  cpi  > 
P\2-cn)  (s^'2  F't-  ')•  Pa  was  always  higher  in  the  healthy 
alveoli  (ie.  P^^  <  P^,),  regardless  of  whether  CPI  or  CFI 
was  used  (see  Fig.  1 ). 

The  Case  Where  R,  t^  r^  and  C,  =  C, 

When  sinuilating  a  purely  obstructive  lung  disease  (ie. 
Rt  >  R, ).  Pe^  in  each  alveolus  was  higher  during  pressure- 
controlled  ventilation  than  during  volume-controlled  ven- 
tilation (ie.  Pa, .CPI  >  Pai-cfi  and  Pa2-cpi  >  PA2-cn)  (Rg-  -)• 
P.^  was  always  lower  in  the  healthy  aheoli  (ie.  P^,  <  Pa2'- 
regardless  of  whether  CPI  or  CFI  was  used  (see  Fig.  2). 

The  Case  Where  R,  <  R,  and  C,  >  C,  but  the  Time 
Constants  Are  Equal 

When  the  airway  resistance  and  lung  compliance  of  one 
compartment  lung  unit  were  varied  so  as  to  keep  the  time 
constants  of  each  compartment  the  same.  Pa  was  always 
lower  in  the  healthy  alveoli,  regardless  of  whether  CFI  or 
CPI  was  used  (Fig.  3).  Moreover.  Pa  in  each  alveoli  was 


Table  1 .      Value.s  for  Respiralory  System  Mechanics  Used  in  tlie 
Graphical  Illustration  of  the  3  Models  of  Lung  Disease 


Model 


R, 


R, 


C, 


Restrictive 

2 

0.1 

T 

0.05 

Obstructive 

-> 

0.1 

s 

0.1 

Equal  T 

-> 

D.I 

s 

0.()2.s 

0.2 
0.2 
0.2 


Rcsisianccs  are  in  cm  HiO  ■  s/L. 
Compliances  arc  m  L/cm  H;0. 
Ri  =  rcsislance  of  lung  unit  I. 
C|  =  compliance  of  lung  unn  I. 
R;  =  rcsistancc  of  lung  unit  2 
C2  =  compliance  of  lung  uiut  2, 
RuA  ~  rcsisiancc  of  ihc  upper  airuay. 
Ccw  ~  rcsisiancc  of  ihc  cIkm  wall 
T  =  time  consioni. 
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^  0  1  2  3  4 

Inspiratorv  1  imc  (s) 

Fig.  2.  Mean  alveolar  pressures  for  a  2-compartment  model  with  equal  airway  resistances  but  different 
compliances  (as  in  restrictive  lung  disease).  Values  for  model  variables  are  presented  In  Table  1 .  Thin 
solid  line  =  healthy  lung  unit  with  constant-flow  inflation.  Thick  solid  line  =  diseased  lung  unit  with 
constant-flow  inflation.  Thin  dashed  line  healthy  lung  unit  with  constant-pressure  inflation.  Thick 
dashed  line  =  diseased  lung  unit  with  constant-pressure  inflation. 


ihe  same  iluiing  pressuR'-CDiitrolled  \cnlilalioii  as  during 
\oUinie-controlled  ventilation  (ie.  Pai-cpi  ~  Paicii  '"i*-' 
Pa2.cpi  =  Pa2-c.i)  'Fig-  -*'■ 

Discussion 

In  this  study  we  analyzed  a  2-conipartmcnt  model  of  the 
respiratory  system  for  P^  under  constant  inspiratory  pres- 
sure and  tlou.  Our  analysis  suggested  that  for  the  same 
V,.  constant  inspiralorv  pressure  inllation  would  result  in 
a  higher  P.^  than  constant  inspiratory  flow  inflation  for 
both  obstructixe  and  restrictive  lung  disease.  Furthermore, 
our  findings  suggest  that  the  distribution  of  P^  wiihin  lung 
units  vKould  priniarih  he  influenced  by  the  time  constants 
of  the  lung  units. 

There  are  irriporianl  features  of  constant  inspiratory  tlow 
and  pressure  breaths  thai  can  explain  the  differences  ob- 
served in  P ,,.  Rapid  initial  increase  in  gas  tlow  of  a  con- 
stant inspirator\  pressure  breath  will  result  in  a  faster  rise 
lime  of  airwa\  pressure;  thus  maximLnii  airway  pressure 
can  be  reached  earlier  during  consiani  inspiratory  pressure, 
whereas  maximum  airway  pressure  is  achieved  at  end  of 
inspiration  with  constant  inspiratory  tlow.'  "^  i^'-*  During 
constant  inspiratory  tlow.  the  resistance  component  re- 
mains essenliall\  consiant  throughout  inspiration,  includ- 
ing the  period  at  end  inspiration  when  the  compliance 
component  is  greatest.  In  constant  jiressure  inflation,  since 
flow  decreases  during  inspiration,  the  resistance  compo- 
nent of  airwa\  pressure  decreases  as  the  compliance  com 


poneni  increases,  resulting  in  an  oserall  stabilization  of 
peak  airway  pressure. 

Our  results  indicate  that  time  constants  of  different  lung 
units  play  a  major  role  in  establishing  P^  inside  the  lungs. 
Previous  reports''^"'  have  shown  that  the  maximum  re- 
gional pressures  among  lung  units  with  heterogeneous  ven- 
tilatory time  constants  are  exaggerated  and  unlimited,  and 
greatly  dependent  on  the  distribution  of  V,.  and.  thus,  the 
mode  of  mechanical  ventilation.  Those  findings  are  in  ac- 
cordance with  our  findings.  We  showed  that  whenever  the 
time  constants  of  2  neighbouring  lung  units  are  the  same, 
the  distribution  of  P^  was  identical,  regardless  of  the  mode 
of  ventilation  applied. 

Although  our  study  was  not  intended  to  K>ok  at  the 
effect  of  inspiratory  time,  our  results  reflect  a  more  dra- 
matic difference  in  the  distribution  of  P^  whenever  in- 
spiratory time  was  greater  than  half  the  total  respiratory 
cycle  time  (ie.  inspiration-expiration  ratio  >  1:1).  This  is 
the  range  where  the  development  of  intrinsic  PHHP  is  most 
likely.  Thus,  our  findings  confirm  those  reported  by  Hotch- 
kiss  et  aP-  regarding  the  effect  of  intrinsic  PEEP  on  the 
inspiratory  distribution  of  \entilation  ami  ultimately  on 
gas  exchange. 

There  is  increasing  interest  in  the  use  of  R,„  and  P,^  to 
guide  alterations  in  ventilator  settings.'^  ''*  since  changes 
in  P„,  and  P^  play  an  important  role  in  mediating  venti- 
lator-induced alterations  in  gas  exchange,  cardiovascular 
lunction.  and  barotrauma/volutrauma.  The  importance  of 
P,,^  as  a  determinant  of  oxvgenalion  was  first  emphasised 
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0  12  3 

Inspiratory  Time  (s) 

Fig.  3.  Mean  alveolar  pressures  for  a  2-compartment  model  with  equal  compliances  but  different 
airway  resistances  (as  in  obstructive  lung  disease).  Values  for  model  variables  are  presented  in  Table 
1.  Thin  solid  line  =  healthy  lung  unit  with  constant-flow  inflation.  Thick  solid  line  =  diseased  lung  unit 
with  constant-flow  inflation.  Thin  dashed  line  -  healthy  lung  unit  with  constant-pressure  inflation. 
Thick  dashed  line  =  diseased  lung  unit  with  constant-pressure  inflation. 


h\  Biifos  et  al.  who  studied  ventilator-supported  neonates 
and  premature  lambs  with  severe  lung  diseases.-"-'  They 
found  that  impro\cments  in  oxygenation  were  directly  re- 
lated to  increases  in  P,„.  which  was  thought  to  be  due  to 
recruitment  of  collapsed  alveoli  and/or  the  redistribution 
of  lung  fluid. 

Despite  the  fact  that  increasing  P^^^  and  P^  can  improve 
oxygenation,  there  arc  recent  reports  showing  that  those 


increases  can  also  cause  lung  injury  and  delay  the  recovery 
of  injured  lung  tissue  by  stretching  the  alveolar  walls  and 
increasing  vascular  resistance  and  vascular  transmural  pres- 
sure.-- We  observed  in  our  findings  that  both  modes  of 
inspiratory  inflation  resulted  in  increasing  alveolar  pres- 
sure in  the  normal  lung  units  v\hen  simulating  a  purch 
restrictive  lung  disease.  This  uneven  distribution  of  pres- 
sure could  explain  the  perpetuation  of  damage  induced  by 


Inspiratory'  Time  (s) 

Fig.  4.  Mean  alveolar  pressures  for  a  2-compartment  model  with  equal  time  constants.  Values  for 
model  vahables  are  presented  in  Table  1 .  Thin  line  healthy  lung  unit  with  constant-flow  inflation  and 
constant-pressure  inflation.  Thick  line  =  diseased  lung  unit  with  constant-flow  inflation  and  constant- 
pressure  inflation. 
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inci.li;iiiiLal  vciililalion.  I'hc  immial  limi:  is  mcuv  prcdis- 
posci.1  lo  iIk'  (i\cr-slivli.'h  moL'tianical  iiisuli.  lurilk'niiiuc, 
ihe  hL'tuniiicncinis  appcaranci."  ot  h\  pcrmflaicil  ami  alclct- 
lalic  paroiKin  ma  ohsLMVCil  on  clicst  (.onipulcd  loiiu)i;ra(ili\ 
ill  acLiic  luiii:  mjur\  alicr  scNcral  ila\s  ot  mechanical  ven- 
tilation ctiiikl  he  aiiiihuicil  to  this  uneven  distribution  of 
P.\.  In  eontrasi.  when  sjnuilaiinL;  a  purely  obstructixe  luni! 
disease  where  oiil\  regional  airway  resistances  uere 
changed,  both  modes  ot  inspiiaiory  inflation  resultetl  m 
increasing  alveolar  pressure  in  ttie  diseased  lung  units. 

During  positive  pressure  ventilation,  P„^^,  is  the  pressure 
measured  at  the  airvvav  opening,  averaged  o\er  the  entire 
respiratory  cycle,  and  retlects  the  average  pressure  applied 
b\  the  ventilator.'  '  Under  these  same  conditions.  P.,,  is  the 
average  pressure  acting  to  distend  the  alveoli  against  the 
combined  recoil  of  lung  and  chest  wall.''*  Thus,  P.^  corre- 
sponds directly  to  alveolar  recruitment,  shunt  reduction, 
and  blood  owgenation."  .Since  P^,  cannot  be  measured 
directly  during  the  tidal  cycle,  it  can  be  estimated  from  a 
mathematical  relationship  ot  P  ^  to  P.,^^.  P,^  exceeds  P^„  by 
an  amount  that  depends  both  on  V,.  and  the  difference 
between  R,  and  R, .  Furthermore,  V,:  and  distribution  of 
Vj  depends  greativ  on  the  mode  of  mechanical  ventilation 
and  the  health  or  disease  status  of  the  lungs.'"'  The  current 
analysis  presented  an  opportunity  to  directly  assess  P^ 
rather  than  using  P.,^^  as  a  surrogate  of  P,^.  This  was  achieved 
by  taking  into  consideration  the  distribution  of  the  V,.  and 
the  status  of  the  lungs  bv  simulating  different  types  ol 
obstructive  and  restrictive  lung  diseases. 

In  contrast  to  other  studies,  which  used  I -compartment 
models,-*  -^  this  report  and  another  report'-  analyzed  a 
2-compartment  model  of  the  respiratory  system.  A  2-com- 
pailment  model  should  be  superior  to  a  I -compartment 
model  in  accurately  describing  and  mimicking  health  and 
pathological  conditions  of  the  lungs.  By  representing  the 
airways  and  parenchyma  of  each  lung  unit  separately,  as 
well  as  the  upper  airway  resistance  and  the  chest  wall 
compliance,  the  current  model  can  simulate  anv  disease 
entitv  that  can  affect  either  1  part  of  the  model  or  any  other 
combination  of  2  or  more  parts.  However,  we  must  bear  in 
mind  the  limitations  of  any  model  study.  Even  a  2-com- 
partment model  is  a  gross  oversimplification  of  the  respi- 
ratory system.  It  does  not  take  into  account  the  compliance 
of  the  airways  and  inertness,  the  dependence  between  lung 
regions  mediated  through  lung  parenchyma  and  chest  wall, 
or  any  nonlinear  behav  iour  of  resistance  ov  compliance. 

Although  chest-wall  resistance  is  not  included  m  this 
model,  this  omission  has  no  particular  relevance,  since 
chest-wall  resistance  can  be  considered  as  a  connnon  re- 
sistance together  with  airway  resistance.  As  the  main  pur- 
pose of  this  study  was  to  compare  the  behavior  of  P.^ 
during  constant  inspiratory  pressure  and  How,  only  the 
essential  parameters  were  varied,  such  as  the  2  compart- 
ments' mechanics  (R,,  R,.  C,.  and  C^),  to  simulate  differ- 


ent ivpes  111  disease.  Ihe  expiratory  resistance  was  not 
varied;  however,  it  was  set  to  be  twice  the  inspiratory 
resistance.  Although  relevant  and  informative,  a  full  range 
ol  respiratory  rales,  inspiratory  and  expiratory  limes,  and 
V,.  were  not  explored.  The  main  purpose  of  the  current 
study  was  to  assess  the  effect  of  lung  disease  (ie,  nonho- 
mogenous  changes  in  lung  compliance  and/or  airway  re- 
sistance) on  the  distribution  of  P^  during  CFI  and  CPI. 

Our  analvsis  is  limited  in  several  ways,  and  its  applica- 
bility to  actual  mechanical  ventilation  is  uncertain  because 
the  relevant  properties  of  real  respiratory  systems  that  could 
be  used  at  the  bedside  to  guide  the  choice  of  ventilation 
mode  are  not,  at  present,  determinable,  and  the  distribu- 
tions of  ventilation  and  perfusion,  not  just  ventilation,  are 
Ihe  important  determinants  of  gas  exchange  and  oxygen- 
ation. Nevertheless,  our  analysis  should  provide  a  basis  for 
generalizations  about  the  potential  for  barotrauma/volutrauma 
and  a  theoretical  foundation  for  clinical  studies. 

As  the  main  purpose  of  this  study  is  to  develop  a  math- 
ematical model  that  can  describe  the  behavior  of  P^  in 
nonhomogenous  lung  disease,  a  mechanical  test  lung  an- 
alogue was  not  used.  However,  this  does  not  negate  the 
need  for  validating  the  current  findings  in  a  mechanical 
test  lung  model,  which  could  be  the  essence  of  future 
investigation. 

In  conclusion,  for  the  same  V^.  CPI  can  result  in  higher 
P^  than  CFI  and  therefore  might  result  in  better  oxygen- 
ation than  CFI  in  nonhomogeneous  lung  diseases.  How- 
ever, the  higher  P^^  with  CPI  in  the  normal  lung  units  with 
unilateral  and  nonhomogeneous  restrictive  lung  disease 
might  increase  the  risk  of  lung  injury  and  cardiovascular 
deterioration  by  mechanical  \entilation.  Theoretically,  the 
time  constants  of  different  lung  units  could  be  the  most 
crucial  tactor  differentiating  lung  ventilation  and  oxygen- 
ation. An  increase  in  airway  resistance  could  be  compen- 
sated by  a  decrease  in  lung  compliance,  keeping  the  time 
constants  the  same  and  thus  keeping  the  P^  difference 
between  a  normal  and  a  diseased  kins:  unit  the  same. 
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APPENDIX 


Previously  Derived  Variables 

(Sec  Reference  13  lor  actual  equations) 

/(Ri.C,) 

This  is  a  niathcnialical  expression  function  of  the  resistance  and 
compliance  of  lung  unit  1.  It  represents  the  compartment  impedance. 

/(R2,  C,) 

This  is  a  mathematical  expression  function  of  the  resistance  and 
compliance  of  lung  unit  2.  It  represents  the  compartment  impedance. 

;CR,,  R,,  C,  C,,  Rla,  C 

cw)                This  is  a  mathematical  expression  function  of  the  resistances  and 

compliances  of  the  total  respiratory  system,  including  upper  airway  and 
chest  wall.  It  represents  the  total  respirator}'  system  impedance. 

V(t) 

Gas  flow  in  a  lung  compartment. 

V(t) 

Gas  volume  delivered  to  a  lung  compartment.  The  volume  is  related  to 
the  gas  flow  by  the  time  factor  (ie,  the  volume  is  the  result  of  a  certain 
flow  maintained  for  a  certain  time).  In  our  study,  the  volume  is  derived 
by  integrating  the  gas  flow  over  inspirator}  time. 

APiXt) 

Pressure  drop  across  a  lung  compartment.  It  is  a  function  of  both  the  gas 
flow  through  the  lung  compartment  and  the  compartment's  impedance. 

Newly  Derived  Variables 

Paw(t) 

Mean  airway  pressure.  This  is  a  function  of  many  variables,  such  as 
peak  airway  pressure,  positive  end-expiratory  pressure,  and  inspiratory 
and  expiratory  time.  It  is  the  average  level  of  pressure  seen  over  the 
total  respiratory  cycle  and  reflected  by  the  average  area  under  the 
pressure  curve.  As  such  it  is  derived  by  integrating  the  pressure  drop 
across  the  lung  compartment  and  dividing  it  by  the  total  respirator} 
cycle  time  (T,ot,  which  is  the  sum  of  inspiratory  and  expiratory  times). 

PA.(t) 

Mean  alveolar  pressure.  Represented  by  Equation  1  in  the  text. 
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Static  and  Dynamic  Pressure-Volume  Curves  Reflect 

Different  Aspects  of  Respiratory  System  Mechanics 

in  Experimental  Acute  Respiratory  Distress  Syndrome 

Alexander  B  Adams  MPH  RRT  FAARC.  Nahit  ^akar  MD.  and  John  J  Marini  MD 


IN TRODl'CTION:  A  lower  innection  point,  an  upper  inflection  (or  deflection)  point,  and  respira- 
tory system  compliance  can  be  estimated  from  an  inspiratory  static  pressure-volume  (SP\  )  curve 
of  the  respiratory  system.  Such  data  are  often  used  to  guide  selection  of  positi\e  end-expiratory 
pressure  (PKKI')/tidal  volume  combinations.  Dynamic  pressure-volume  (I)PV)  curves  obtained 
during  tidal  ventilation  are  effortlessly  displayed  on  modern  mechanical  \entilator  monitors  and 
bear  a  theoretical  but  unproven  relationship  to  the  more  labor-intensive  SPY  curves.  OB.IIX  TIVE: 
Attempting  to  relate  the  SPY  and  l)P\  curves,  we  assessed  both  curves  under  a  range  of  conditions 
in  a  canine  oleic  acid  lung  injury  model.  MKTHODS:  Five  mongrel  dogs  were  anesthetized,  par- 
alyzed, and  monitored  to  assure  a  stable  preparation.  Acute  lung  injury  was  induced  by  infusing 
oleic  acid.  SPY  curves  were  constructed  b>  the  super-syringe  method.  DI'Y  curves  were  constructed 
for  a  range  of  PEEP  and  inspiratory  constant  How  settings  while  ventilating  at  a  frequency  of  15 
breaths/min  and  tidal  volume  of  350  niL.  Functional  residual  capacity  at  PEEP  =  0  cm  HjO 
was  measured  by  helium  dilution.  The  change  in  lung  \()lume  by  PEEP  at  8.  16.  and  24  cm  H,()  was 
measured  by  respiratory  inductance  plethysmography.  RESULTS:  The  slope  of  the  second  portion 
of  the  DPY  curve  did  not  parallel  the  corresponding  slope  of  the  SPY  curve.  The  mean  lower 
inflection  point  of  the  SPY  curve  was  13.2  cm  H,(),  whereas  the  lower  inflection  point  of  the 
DPV  curve  was  related  to  the  prevailing  flow  and  PEEP  settings.  The  absolute  lung  \ olume  during 
the  DPV  recordings  exceeded  (p  <  0.05)  that  anticipated  from  the  SPY  cur\es  by  (values  are 
mean  ±  SEM)  267  ±  86  niL.  425  ±  129  niL.  and  494  ±  129  niE  at  end  expiration  for  PEEP  =  8, 
16,  and  24  cm  H,0,  respectively.  CONCLUSIONS:  The  contours  of  the  SPV  curve  are  not  reflected 
by  those  of  the  I)P\  curve  in  this  model  of  acute  lung  injury.  Therefore,  this  study  indicates  that 
DPY  curve  should  not  be  used  to  guide  the  selection  of  PEEP/tidal  volume  combinations.  Further- 
more, an  increase  in  end-expiratory  lung  volume  occurs  during  tidal  ventilation  that  is  not  reflected 
by  the  classical  SPY'  curve,  suggesting  a  stable  component  of  lung  volume  recruitment  attributable 
to  tidal  ventilation,  independent  of  PEEP.  Key  nunl.s:  pressiirc-vi>hinic  curves,  pulmomiry  nweluiiiics. 
nieeliaiiical  ventilation,  ventilatory  strategy,  oleic  acid-induced  lung  injury,  acute  respinuory  distress 
sxndronw.  ARDS.  monitoring.     |RespiiCare  2001 :46(7):686-6931 


Introduction 

Static  inspiratory  prcssurc-voiiinic  (Si'V)  curves  iia\e 
been  used  in  research  and  clinical  em  ironnicnis  to  select  a 


best  combination  tor  positise  end-e\piralor\  pressin'e 
(PEEP)  and  tidal  volume  ( V , )  to  use  in  ventilating  patients 
with  acute  lung  injury.  Three  features  of  these  cur\  es  are 
thought  to  be  helpful:  the  lower  inflection  point  (LIP),  the 
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uppci  iiirii.'i.iuin  pdiiil  ilH'),  ami  iIk-  slope  o\  ilic  linear 
segmcMl  (a  mcasiiiv  cij  ivspiiatoiv  sysiciii  cnin|ilianccl.' 
Whereas  the  air\sa\  pressiMe-\oliime  pidl  eaii  tx-  displa\ed 
ettortlessJN  hs  iiUHleni  intensi\e  eare  unit  ventilalors.  ohiain- 
ing  SPV  eiir\es  Jisriipts  eare  deliver)',  impuses  a  ha/ard  ol 
h\po\emia,  and  re(.|iiires  eonsitieralije  lime  lo  eoni|ilete. 

When  eoiistant  Hnu  is  pnu  idetl  diinni;  insplralion.  rc- 
sis[i\e  |iressure  is  relali\els  eonsiaiit.  iheoreliealls  olTsel- 
ling  the  aUeoiar  pressure-sokinie  relationship  by  a  fixed 
amount  while  preserving  the  shaping  inrornialion.  At  eon- 
ventional  rales  of  How,  however,  nuiliiple  potential  prob- 
lems are  encountered:  pressures  are  rei|uiie(.l  not  only  lo 
overcome  resistance  and  \  iscoelastance  Ibices,  hul  also  lo 
deliver  flow  to  a  lung  with  airway  secretions  and  multiple 
compartments  w  ith  disparate  time  constants.  We  theretore 
question  the  validity  of  the  shaping  information  of  the 
dynamic  pressure-volume  (  DP\'  i  curv  es  for  selecting  PEEP 
and  V-j-  comhinations. 

Two  recent  studies  repotted  ihe  use  of  a  slow  tlow 
method  (.V  y,  and  \5  L/min)  of  generating  pressure-vol- 
ume curves,-  '■  This  quasi-dvnamic  method  produced  pres- 
sure-volume curves  that  were  comparable  lo  conventional 
super-syringe  method  curves.  In  the  1980s,  Surall  el  al 
reported  a  "pulsed"  method  for  measuring  dynamic  com- 
pliance that  measured  the  slope  ot  the  inspiratory  airway 
pressure  curve  during  constant  flow  ventilation,-" ''  The  ci)m- 
pliance  measured  by  this  method  compared  favorably  lo 
the  usual  calculation  of  compliance  (the  change  in  lung 
volume  |AV|  divided  by  plateau  pressure  minus  total 
PEEP),  Therefore,  these  studies  could  be  used  to  jusiifv 
the  use  of  dynamic  informaliim  (DPV  curves?)  to  measure 
static  (SPV)  conditions.  More  recentiv ,  Ranieri  et  al  found 
changes  in  curve  contour  and  difficulties  in  identifying 
LIP  and  UIP  in  DPV  curves  under  irulv  dvnamic  condi- 
tions,'' Therefore,  lo  further  test  the  differences  between 
SPV  and  DPV,  we  compared  SPV  and  conventional  tlow 
DPV  (using  Hows  typical  for  tidal  ventilation)  by  con- 
structing and  comparing  SPV  and  DPV  under  a  range  of 
conditions  in  a  canine  model  of  acute  lung  injury. 

Methods 


the  stiulv  period.  Airway  opening  pressure  and  air  tlow 
were  measured  between  the  circuit  Y-piece  and  the  endo- 
tracheal tube  bv  a  lateral  pressure  lap  and  pneutnolachom- 
eter  (Hans  Kiulolph  Inc,  Kansas  Cily.  Missouri),  F'he  pres- 
sure lap  aiul  pneumotachometcr  were  connected  lo 
dilTerenlial  pressure  transducers  (model  MP-4.'i,  Validyne. 
Northridge,  C'aliloriua).  The  signals  were  then  demodu- 
lated, amplified,  and  graphed  continuously  on  a  chart  re- 
corder (model  y.'SOO,  Asiromed.  Wesi  Warwick.  Rhode 
Island).  L.ung  volume  level  was  measured  continuously 
with  a  respiratory  inductive  plethysmograph  (Respigraph, 
NIMS.  Miami  Beach,  Florida).  Airway  pressure  and  tlow 
signals  were  transferred  to  a  Macintosh-compatible  com- 
puter and  digitized  al  ."^O  H/  using  commercially  available 
software  iLabView,  National  Instruments.  Austin,  Texas). 
The  flow  signal  was  integrated  lo  produce  a  continuous 
signal  of  changing  lung  volume. 

Lung  injury  was  induced  by  infusing  oleic  acid  (0.09 
niL/kg)  into  the  pulmonary  artery  over  a  15-minute  period, 
with  lateral  positioning  of  the  animal  to  create  an  even 
disiribution  of  injury.  Ventilation  was  continueil  for  4  hours 
before  commencing  data  collection.  We  then  obtained  SPV 
curves  ami  DPV  curves  as  described  in  the  following  sec- 
tion. Functional  residual  capacity  (FRC)  was  measured  by 
helium  ililuiion  (FRC(He)).  A  valved  1.0  L  syringe  was 
filled  with  a  measured  concentration  of  helium  (helium 
analy/er,  Collins  Inc,  Braintree,  Massachusetts).  After  a 
disconnection  from  the  ventilation  for  20  seconds  (zero 
end-expiratory  pressure.  ZEEP).  the  syringe  was  connected 
to  the  endotracheal  tube  and  10  volumes  of  approximately 
.^00  iiiL  were  injected  and  withdrawn.  The  tinal  diluted 
concentration  of  helium  was  measured,  and  FRC  was  cal- 
culated by  a  standard  dilulitni  calculation — subtracting  con- 
nector-valve  dead  space.  FRC(He)  was  determined  in  trip- 
licate and  the  results  were  averaged  lo  calculate  a  mean 
FRC,  Lung  volume  above  FRC  was  measured  bv  respira- 
tory inductive  plethysmography  during  a  ventilator  dis- 
connection to  ZEEP  followed  by  20  seconds  of  apnea. 

Static  Pressure- Volume  Curves 


Five  adult  mixed-breed  dogs  ol  either  sex  (mean  weight 
25.1  ±  3.4  kg)  were  included  in  this  study,  using  a  pro- 
tocol approved  by  the  Instituiional  Animal  Care  and  L'se 
Committee  of  Regions  Hospiial.  1  he  tlogs  were  paralyzed 
and  deeply  sedated  throughout  the  experimental  protocol. 
Mechanical  ventilation  was  iniiiateil  in  constanl-flow,  vol- 
ume-cycled mode  (ventilator  moilel  7200,  Mallinckroiit, 
Carlsbad,  California).  To  assure  the  safety  and  stabilitv  of 
the  preparation,  arterial  pH.  arterial  partial  pressure  of  car- 
bon dioxide  (Pjt(),)-  iuterial  partial  pressure  of  oxygen 
(P.,o,).  blood  pressure,  central  venous  pressure,  and  pul- 
rTn>nary  artery  wedge  pressure  were  measured  throughout 


Prior  to  the  SPV  measurement,  the  endotracheal  cuff 
volume  was  filled  to  assure  there  was  no  leak  during  the 
procedure.  P-'ollowing  a  20  second  disconnection  from  the 
ventilator,  a  .^.0  L  super-syringe  filled  with  pure  oxygen 
was  connected  to  the  endotracheal  lube.  The  lungs  were 
then  inerementallv  inllaled,  by  50  ml.  steps  (5-10  s  be- 
tween steps),  until  airvvav  pressure  attained  40  cm  H^O,  A 
detlalion  maneuver  immedialelv  tbllowed,  using  similar 
50  ml.  denation  steps.  .Mrwav  pressure  and  lung  volume 
were  measured  during  the  procedure.  The  associated  pres- 
sure and  volume  values  were  plotted  to  construct  the  SPV 
curves  (using  Deltagraph,  SPSS,  Chicago). 
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Static  and  Dynamic  Prfssurh-Voicmk  Curves 


Tabic  1.       Anerial  Bliioil  Uas  and  Rc^piralory  System  Mechanics  Measurenienls  Bcloic  anil  Allcr  Oleic  Acid  Injury 


PH 


(mm  Hg) 


Baseline 
OAI 


7.29 
7.17 


0.08* 
0.07 


47  ±  8* 
59  ±  15 


Values  arc  mean  *  SD. 

P,(^j,  =  uncrlal  parlial  prcviurc  of  tarixin  tlioxide. 

P^j  =  anchal  p;irtial  pressure  of  oxygen, 

Peo  =  average  venous  panial  prcssurc  of  oxygen. 

Ov  =  shunling  How. 

Or  =  lotnl  low. 

Peak  Pjw  =  peak  airv\ay  pressure. 

Plal  l\^  =  plulcau  ainvay  pressure. 

Mean  Pj«  -  mean  airway  prcssun:, 

OAI  -  measured  after  oleic  aeiil  infusion. 

•p  <  0.05  bclwecn  baseline  and  after  OAI,  paired  etuiipansons 


(mm  Hg) 


280  ±  32* 
74  ±  19 


(mm  Hg) 


56  ±  6 
45  ±  II 


Ov/Ot 


Peak  P.„ 
(cm  H,0) 


Plat  P„, 
(cm  H,0) 


0.07  i  0.02* 
0.38  ±0.10 


11.3 
16.1 


1,1' 
4.1 


9.7  ±  0.7* 
13.5  ±  3.0 


Mean  P,„ 
(cm  H,6| 


4.7  ±  0.6* 
6.6  i  1.0 


Dynamic  Pressure-\'olumc  Curves 

DPV  curves  were  obtained  while  ventilating  with  vol- 
uine-conlri)llei.l  ventilatiDii  at  a  V,  of  .^?0  niL  (12-13  niL/ 
kgl  and  a  trequencN  of  1.3  hreaths/min  to  simulate  dynamic 
tidal  ventilation  conditions.  Using  this  V,  and  frequency 
coinhination.  no  intrinsic  PEEP  was  generated  at  any  flow 
setting.  Tracings  weie  recorded  at  constant  inspiratory  flows 
of  10.  30.  and  50  L/min  and  PEEP  of  0.  8.  16.  and  24  cm 
H.O  for  each  tlow  selling.  A  minimum  of  10  consecutive 
tidal  breaths  were  delivered  in  each  condition  before  the 
stereotypical  pattern  for  that  setting  was  recorded.  A  lung 
volume  history  of  20  seconds  of  apnea  was  interposed 
between  each  change  in  PEEP  setting.  At  each  PEEP  set- 
ting the  permutations  of  flow  settings  (10.  30.  and  50 
L/min  1  v\ere  randomly  selected  for  each  DPV  recording. 
The  DPV  cur\es  were  then  constructed  by  plotting  ihc 
digitized  airway  pressure  and  volume  signals  (from  flow 
integration)  using  a  graphing  software  program  (Delta- 
graph.  SPSS.  Chicago). 

Data  Analysis 

A  graph  of  the  o\ crlaid  SPV  and  DPV  curves  was  con- 
structed from  the  independently  measured  curves.  The  rel- 
ative curve  position  was  determined  by  (he  FRC  and  vol- 
ume-above-FRC  measurements.  All  curves  were  positioned 
above  the  FRC( He)  level.  Total  FRC  at  each  specific  PEEP 
level  was  determined  by  adding  the  FRC(He)  and  the  AV 
to  ZEEP  measured  by  respiratory  inductive  plethysmog- 
raphy (Fig.  I ). 

Differences  between  the  SPV  and  DPV  curves  were 
examined  further  by  comparing  compliance  and  LIP  mea- 
surements. Respiratory  system  compliance  ot  ihe  SPV 
curves  was  calculated  by  measuring  AV  and  AP  bcivveen 
the  LIP  and  UIP  of  the  inspiratory  curves.  Compliance  was 
then  calculated  by  AV/AP.  The  precise  pressure  change 


(AP)  between  50  niL  and  350  niL  of  the  delivered  Vj 
determined  compliance  (=  300  niL/AP).  LIP  for  the  SPV 
and  DPV  were  determined  by  aligning  a  cursor  on  the 
video-display  of  the  digitized  curves  at  the  median  point  of 
the  lower  inflection  curve  and  then  read  as  the  LIP.  Sig- 
nificance testing  was  by  paired  and  unpaired  /  tests  (Stat- 
View.  Abacus.  Berkeley.  California). 

Results 

Effect  of  Oleic  Acid  Infusion 

After  oleic  acid  infusion,  the  peak.  mean,  and  end- 
inspiratory  plateau  airway  pressures  increased  (Table  I ). 
Gas  exchange  deteriorated,  as  evidenced  b\  a  decrease 
(p  <  0.001)  in  P,,o,.  a  decrease  (p  <  0.01)  in  pH.  an 
increase  (p  <  0.001 )  in  P,,c(),.  and  an  increase  (p  <  0.001 ) 
in  the  ratio  of  shunting  flow  to  total  flow  (Qv/Qi)  (see 
Table  1).  After  the  injury,  the  mean  LIP  of  the  SPV  curve 
was  13.2  ±  1.6  cm  H.O. 

Static  Pressurc-\  olume  Curves  and  Dynamic 
Pressure- Volume  Curves 

Figures  2  Ihrough  6  show  SPV  and  DPV  overlay  curves 
for  the  5  studies.  In  each  studv .  increasing  the  flow  setting 
shifted  Ihe  inneclion  portion  of  the  DPV  curves  to  Ihe 
right  by  an  amount  proportionate  to  flow.  Though  the 
upward  slope  of  the  DPV  curve  (the  lung  recoil  pressure 
component .')  was  expected  to  parallel  the  inspiratory  SPV 
slope,  the  actual  DPV  slope  was  sleeper  than  the  respec- 
tive SPV  slope.  The  DPV  curves  for  2  animals  (Figs.  2  and 
5)  were  highly  irregular,  displaying  a  "whip."  and  associ- 
ated with  visual  evidence  of  secretions  in  the  central  air- 
wavs  at  end  expiratii>n.  PHFP  displaced  the  initiation  of 
ihe  DPV  vertically  along  the  volume  axis  with  respect 
to  the  SPV  curve  (inside  ihe  envelope  of  the  SPV  curve). 
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Static  ani:)  Dynamic  Pri.ssl  i<h-Voi.iMi  Curvls 


3500 


3000 


2500 


Sialic  pressure-volume  curve  -  determined 
by  50  mL  volume  Incremenls/decremenis 


Dynamic  pressure-volume  curves  - 
determined  by  direct  pressure  and 
How  (volume  by  integration) 
measurements 


Volume  exhaled  after  disconnection  -  measured  by  RIP 


FRC  -  measured  by  helium  dilution 


50 


60 


Pressure  (cmH20) 


Fig.  1.  Key  to  reading  the  overlay  (positioning)  of  the  static  pressure-volume  and  dynamic  pressure- 
volume  curves.  The  functional  residual  capacity  measured  by  helium  dilution  (FRC(He))  is  the  volume 
at  zero  end-expiratory  pressure  for  starting  both  the  static  pressure-volume  curve  and  the  dynamic 
pressure-volume  curve  at  positive  end-expiratory  pressure  (PEEP)  =  0  cm  H,0.  The  dynamic  pres- 
sure-volume curves  at  other  PEEP  settings  start  at  their  respective  PEEP  levels  (x  position)  and  at 
FRC(He)  *  the  change  in  volume  (AV)  after  ventilator  disconnection  (y  position).  RIP  -  respiratory 
inductive  plethysmography. 


3500 


Pressure  (cmH20) 

Fig.  2.  Static  and  dynamic  pressure-volume  relationships  for  Subject  1.  For  this  and  all  subsequent, 
the  effects  of  positive  end-expiratory  pressure  (PEEP)  and  flow  variation  are  depicted  at  a  constant 
tidal  volume  and  respiratory  frequency.  Absolute  lung  volume  is  plotted  as  a  function  of  dynamic  (fine 
lines)  and  static  (heavy  line)  airway  pressures  for  an  individual  animal.  The  second  (rising)  portion  of 
each  dynamic  inspiration  is  shifted  in  proportion  to  flow.  In  this  animal  note  that  the  slopes  of  the 
dynamic  pressure-volume  curves  are  influenced  by  secretions  that  were  visualized  in  the  central 
ain«ays  at  end  expiration. 
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Static-  anii  D>  n amic  Pri:s.siirf:-Voi  uMii  Clirvks 


3500 


^2000 


PEEP  =  24 


PEEP  =  16 


PEEP  =  8 


PEEP  =  0 


50  Umin 

30  LVmIn 

10  Umin 

PEEP  m  cmH20 


10  20  30  40 

Pressure  (cmH20) 


50 


60 


Fig.  3.  Subject  2:  End-expiratory  (starting)  points  of  each  dynamic  pressure-volume  curve  are  dis- 
placed progressively  toward  the  expiratory  curve  with  rising  positive  end-expiratory  pressure  (PEEP). 
The  inspiratory  slopes  of  the  dynamic  pressure-volume  curves  were  similar,  independent  of  the  flow 
setting,  but  differed  radically  from  the  static  pressure-volume  curve  slope. 


3500 


PEEP  =  0 


PEEP  in  cmH20 


10 


20 


30 


40 


50 


60 


Pressure  (cmH20) 


Fig.  4.  Subject  3:  Note  the  uniformity  of  the  dynamic  pressure-volume  curves,  despite  flow  vanation 
and  a  disparity  with  the  inspiratory  limb  of  the  static  pressure-volume  curve.  PEEP  =  positive  end- 
expiratory  pressure. 
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Static  and  Dynamu   I'ki  sm  ui  \n\  i  \ii  Cirvus 
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Pressure  (cmH20) 
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Fig.  5.  Subject  4:  Note  the  secretion  effect  at  the  high  flow  of  50  Umin  and  the  failure  of  the  end- 
expiratory  dynamic  pressure-volume  point  to  migrate  vertically  as  positive  end-expiratory  pressure 
(PEEP)  is  raised. 


3500 


50  lymin 
30  Umin 
-  -  -  10  Umin 
PEEP  in  cmH20 


10 


20  30  40 

Pressure  (cmH20) 


50 
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Fig.  6.  Subject  5:  The  rising  phases  of  the  dynamic  pressure-volume  curves  are,  again,  parallel  to  each 
other  and  not  parallel  to  the  inspiratory  static  pressure-volume  curve.  The  end-expiratory  dynamic 
pressure-volume  curve  is.  again,  elevated  vertically  in  reference  to  the  static  pressure-volume  curve, 
positive  end-exoiratorv  oressure. 


PEEP 


positive  end-expiratory  pressure. 


Respiratory  Care  •  July  2001  Voi.  46  No  7 


691 


Static  and  Dynamic  Pri  ssckk-Voluml  Curves 


Tabic  2.       Mean  Compliance  and  Lower  Intlcction  PonU  Mcasurenicnls  lor  the  Sialic  anJ  Dynamic  Pressure  Curves 


Compliance 
(mUcm  HjO) 

LIP 
(cm  H^O) 

SPV 

90.6  +  21.0* 

13.2  ±  1.6 

Mow  .Selling 

LIP  ,ii  PEEP 
=  0  cm  HjO 

LIP  at  PEEP 
=  8  cm  H2O 

LIP  ai  PEEP 
=  16  cm  H2O 

LlPai  PEEP 
=  24  em  H,0 

DPV 

10 
30 
50 

overall 

20.2  ±  4.3 
23.6  ±  5.9 
26.2  ±  6.8 

23.4  ±  6.2 

3.3  ±  0.3 
9.0  ±  4.3 
15.2  ±  7.8 

11.1  ±0.8 
13.8  ±  2.4 
19.1  ±  7.4 

16.9  ±  0.7 
19.0  ±  2.9 
23.8  ±  5.5 

26.8  ±  1.5 

27.9  ±  1.0 
30.9  ±  1.4 

LIP  =  lower  intleclion  point. 

SPV  =  static  pressure-volume  curve. 

DPV  =  dynamic  pressure-volume  curve. 

PEEP  =  positive  end-cxpirjtory  pressure 

•The  mean  compliance  for  the  SPV  curve  was  signilicanlly  greater  (p  <  0.001 1  than  the  DPV  curve  mean  compliance.  Tliough  mean  compliance  increased  v 

signincant  LIP  for  the  DPV  curve  increased  with  increasing  How  settings  and  the  set  PEEP  levels.  LIP  for  the  DPV  did  not  serve  as  an  indicator  for  LIP  of  the  SPV 


nth  the  no 


.etiine.  the  increase  was  not 


For  each  individual  animal,  tiie  magnitude  of  displace- 
ment bore  no  consistent  relationship  to  the  level  of  PEEP. 
Mean  total  FRC  tor  the  DPV  curves  exceeded  that  of  the 
corresponding  SPV  curve  by  (values  are  mean  ±  SEM) 
267  ±  86  mL,  425  ±  129  mL,  and  494  ±  129  mL  for 
PEEP  of  8.  16.  and  24  cm  H,0  (p  <  0.05.  paired  /  tests), 
respectively. 

Table  2  shows  the  mean  compliance  and  LIP  \alues  for 
the  DPV  and  SPV  curves.  Respiratory  system  compliance 
for  the  SPV  was  significantly  greater  than  the  compliance 
measurements  calculated  from  the  DPV  curves  (90.6  vs 
23.4  inL/cm  H,0,  p  <  0.001).  For  the  DPV  compliance 
measurements  there  was  a  trend,  which  did  not  reach  sta- 
tistical significance,  toward  increasing  compliance  at  in- 
creasing flow  settings.  The  LIP  of  the  SPV  curve  (mean  = 
13.2  cm  H^O)  was  not  associated  with  the  LIP  of  the  DPV 
curve. 

Discussion 

The  major  findings  of  this  study  were  the  differences 
between  the  slopes  (compliance  measurements)  and  LIP  ot 
the  SPV  and  DPV  curves.  As  well,  we  observed  an  ele- 
vation in  end-expiratory  lung  volume  (EELV)  occurring 
during  dynamic  tidal  ventilation  above  that  anticipated  from 
the  SPV.  Recent  studies  of  a  "slow  flow  inelhod"  DPV 
measurement  reported  similarity  between  static  and  quasi- 
dynamic  cur\es.- '  These  studies  generated  dynamic  curves 
from  ZEEP  and  delisered  an  extended  low  How — not  a 
tidal  ventilation  condilmn  but  a  procedure  designed  to  cre- 
ate a  pressure-\ Illume  cur\e. 

In  a  study  more  directly  comparable  to  ours.  Raiiieri  et 
al  found  alterations  in  DPV  curves  that  were  dependeni  on 
the  prevailing  dsnamic  (PEEP)  conditions — a  finding  sim- 


ilar to  the  present  study."  Recent  studies  also  reported 
evidence  of  alveolar  recruitment  above  the  LIP.  which 
supports  our  findings  of  increased  EELV  during  tidal  \  en- 
tilation.''^ 

In  this  study  we  observed  differences  between  DPV  and 
SPV  curves  that  were,  generally,  expected.  Directly  pre- 
dictable from  the  equation  of  motion,  resistive  pressures 
shifted  the  "infiection  point"  of  the  DPV  curves  to  the 
right  in  relation  to  the  flow  setting.  This  "infiection  point"' 
represents  the  transition  from  resistive  to  elastic  pressure 
during  constant  flow  ventilation  and  wiuild  not  be  ex- 
pected to  correspond  to  (or  have  the  same  meaning  as)  the 
inflection  region  identified  by  the  "recruitment"  LIP  of  the 
SPV  curve.  The  slope  of  the  second  (linear)  portion  of  the 
DPV  curve  was  less  (flatter)  than  that  of  the  SPV  cur\e. 
indicating  a  lower  dynamic  compliance.  We  speculate  that 
additional  pressure  was  needed  to  distribute  V,.  to  dis- 
place secretions  into  the  alveoli,  and  to  overcome  vis- 
coelastic  forces  during  DPV  curve  generation.  Since  the 
ascending  limbs  of  the  DPV  curves  generated  by  a  wide 
range  in  flows  appear  to  approximately  parallel  each  other, 
the  difference  between  SPV  and  DPV  second  phase  slopes 
cannot  be  explained  on  the  basis  of  viscoelastic  force  gen- 
eration alone.  We  speculate  that  in  this  edematous  model,'* 
considerable  pressure  must  be  generated  to  overcome  vis- 
coelastic forces  and  to  peripheralize  secretions,  even  when 
they  are  not  overtly  evident,  as  in  Figures  2  and  5. 

Our  study  identified  increased  EELV  during  dynamic 
conditions.  As  recently  described  on  theoretical  grounds." 
the  EELV  during  dynamic  conditions  should  be  signifi- 
cantly greater  than  predicted  by  the  inspiratory  limb  of  the 
SPV  cur\e  at  the  same  end-e\piralory  pressure.  Provision 
of  tidal  ventilation  not  only  helps  to  anest  absoiption  at- 
electasis but  also  ma\  appl\  a  pressure  higher  than  that 
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L'xisimi;  at  I'liMI'.  peril, i|k  .kIir-s  mi:  iIk-  (ipciimu  iIiivsIidIiI 
of  lung  iiiiils  thai  icmaiil  closctl  iiiuli'i  sialic  (.iiiklilioiis  al 
the  same  cnd-cxpiiatory  pivssiiic. 

The  SI'V  cuiNC  can  also  ho  usctl  Id  uIciuiIn  a  1  11' 
UnexpcL'lcill\ ,  ue  ilul  iml  tiiul  a  consisiciu  iilcnlitiahlc 
UIP  in  oiii  d\naniic  Uacings.  ( )\cn.lisii.'iilii>M  (as  iiKlicatcci 
by  a  L'll')  nia)  iioi  lia\c  iKcunvil  o\cr  ihc  picssuio  range 
we  used  (V,  ot Dnlv  }>0  nil.i  oi  ihe  "beak"  sign  of  over- 
disienlion  was  ohiiieiaied  b\  ilisiiilnitive  and  \isciielastic 
ciinipunenis  of  the  1)PV  eur\e. 

Seseral  liinlialions  ui  iliis  sUkl\  can  be  eleaiK  itlenli- 
ficd.  As  a  nuKJel  ol  liini;  iM|urs  iiulLicei.1  by  a  blood-borne 
agent,  the  injurs  miinies  the  inilial  phase  ol"  "seeondarv" 
(type  11)  acute  respiratory  distress  syndrome.'"  Oleic  acid 
injur)  is  a  highly  recruitable  model,  in  which  airway  se- 
cretions are  usually  copious.'^  Our  results  may  not  be  gen- 
eralizable  across  all  categories  of  lung  injury.  In  this  study 
we  varied  PEEP  and  flow  only  while  V,  and  frequency 
remained  unchanged;  the  extent  o(  dynamic  recruitment 
for  a  coinplete  range  of  ventilator  strategies  was  noi  in 
\estigated.  Finally,  though  gas  exchange  was  continually 
monitored,  for  safety  |5iirposes.  by  indwelling  arterial  blood 
gas  analysis,  the  important  correlation  between  EELV  sta- 
tus and  oxygenation  was  not  made  during  this  study. 

We  conclude  that  the  contours  of  the  SPV  curve  are 
not  reliably  reflected  by  those  of  the  DPV  curve  in  this 
model  of  acute  lung  injury.  This  study  thus  indicates  that 
features  of  the  L^F^V  curve  should  not  be  used  to  guide  the 
selection  of  PEEP/V,-  combinations.  Furthermore,  an  in- 
crease in  end-expiratory  lung  \olume  occurs  during  tidal 
ventilation  that  is  not  rellected  bv  the  classical  SPV  curve. 
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Starting  Exercise  Sessions  in  Pulmonary  Rehabilitation 

Phillip  D  Hoberty  EclD  RRT.  Carol  Y  Chiu  RRT.  and  Rebecca  J  Hoherty  RRT 


INTRODUt HON:  There  is  no  piihlished  stiindard  for  the  ratio  of  staff  to  patients  during  exercise 
sessions  in  outpatient  puhnonary  rehabilitation.  I  his  lack  of  a  standard  raises  concern  about 
patient  safety  and  the  ability  to  monitor  patients  adequately.  OH.IKCTIVK:  Determine  a  staff-to- 
patient  ratio  standard  by  examining  current  practice.  MKTHODS:  Hie  directors  of  the  46  outpa- 
tient pulmonary  rehabilitation  programs  in  Ohio  were  surveyed.  Directors  of  40  (87%  )  programs 
responded,  and  the  responses  from  the  36  programs  that  conducted  pulmonary  exercise  sessions 
separately  from  cardiac  sessions  were  analyzed.  KKSULTS:  I  he  maxinunn  number  of  staff  in  an 
exercise  session  was  2,  with  a  median  of  1.  The  maximum  number  of  patients  in  a  session  was  20, 
with  median  of  4.  Directors  were  also  asked  to  rank  the  importance  of  8  factors  in  determining  the 
reported  ratio.  From  highest  to  lowest  importance,  the  factors  were  patient  safety,  severity  of 
pulmonary  disease,  availability  of  space  or  equipment,  entry  test  data,  pulmonary  diagnosis,  pres- 
ence of  cardiac  problems,  convenience,  and  other.  Sixty  percent  of  programs  restricted  the  number 
of  patients  per  session  based  on  staff-to-patient  ratio.  CONCLUSIONS:  Statewide  practice  for 
staff-to-patient  ratio  in  Ohio  was  described.  The  most  common  staff-to-patient  ratio  during  exercise 
sessions  was  1:4  or  less  (78'7f ).  Kxercise  staff  work  with  small  groups  in  order  to  assure  patient 
safety,  to  deal  with  patients'  health  problems,  and  to  provide  adequate  facilities.  A  majority  of 
programs  restrict  the  number  of  patients  per  session  so  as  to  enforce  the  reported  ratio.  AVv  words: 
jmlwomiry  irluihllilatioiu  staffing,  shiff-lo-paticnt  ratio.     [Respir  Care  2001 :46(7):694-6971 


Introduction 

Pulmonary  rehabilitation  is  a  multifaceted  treatment  pro- 
gram tor  patients  with  a  variety  of  chronic  lung  diseases. 
It  consists  of  assessment,  exercise  training,  patient  and 
family  education,  psychosocial/behavioral  interventions, 
and  outcomes  assessment,  and  is  being  used  in  the  treat- 
ment of  an  increasing  variety  of  pulmonary  diseases.'  Ex- 
ercise training  is  considered  a  mandatory  component  of 
successful  rehabilitation.^'  Outpatient  exercise  training  ses- 
sions are  usualK  conducted  as  small  group  sessions  during 
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which  patients  use  nuiltiple  pieces  of  equipment  tor  upper 
and  lower  body  strength  and  endurance  training.'  It  has 
been  suggested  that  the  intensity  of  exercise  should  be 
relatively  high,  somewhere  in  the  range  of  70-80%  of  the 
maximum  work  capacity,  as  determined  by  an  exercise 
stress  test.-"  This  combination  of  group  activity,  high-in- 
tensity exercise,  and  the  use  of  multiple  inodes  of  exercise 
during  exercise  sessions  for  chronically  ill  patients  raises 
issues  about  supervising  patient  activity  and  maintaining 
patient  safety  in  the  exercise  facility. 

Cardiac  rehabilitation  has  a  published  standard  for  staff- 
to-patient  ratio  during  Phase  II  outpatient  exercise  ses- 
sions.-'^ The  American  Association  for  Cardiovascular  and 
Pulmonary  Rehabilitation  Guidelines  for  Cardiac  Rehabil- 
itation require  a  minimum  staff-to-patient  ratio  of  1 :5.  Pro- 
gram certification  guidelines  of  the  American  Association 
for  Cardiovascular  and  Pulmonary  Rehabilitation  employ 
this  standard  as  one  of  several  criteria  for  awarding  certi- 
fication.'^  Pulmonarv  rehabilitation,  however,  has  no  pub- 
lished standiu-d  for  this  ratio.  This  is  in  spite  of  the  fact  that 
the  population  referred  to  pulmonary  rehabilitation  has 
been  identified  as  being  older,  functionally  more  compro- 
mised, and  presenting  with  more  co-morbidity  than  pa- 
tients referred  to  cardiac  rehabilitation."  Therefore,  in  this 
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Number  of  FTEs  in  Program 

Fig.  1.  Number  of  programs  reporting  each  range  of  full-time  em- 
ployees (FTEs)  (n  =  29). 

compromi.sed  impiiLilion.  (lie  lack  of  standard  makes  it 
necessary  for  each  program  manager  to  try  to  determine  an 
appropriate  iiLinihcr  of  staff  ani.1  p.iiients  for  exercise  ses- 
sions. 

The  purpose  of  tliis  studs  was  to  describe  the  staft-to- 
patient  ratio  for  puhnonary  rehabilitation  exercise  sessions 
in  Ohio.  Program  managers  may  consider  the  ratio,  and  the 
criteria  on  which  it  is  based,  in  making  staffing  decisions 
for  their  programs  and  in  determining  whether  or  not  to 
increase  group  si/e  as  more  patients  are  referred  to  reha- 
bilitation. 

Methods 

We  surveyed  the  program  managers  of  the  46  pulmo- 
nary rehabilitation  programs  in  Ohio.  The  programs  con- 
sisted of  the  rehabilitation  programs  listed  for  the  state  in 
the  1999  American  Association  for  Cardiovascular  and 
Pulmonary  Rehabilitation  Program  Directory  and  the  mail- 
ing list  of  the  Rehabilitation  Section  of  the  Ohio  Societ\ 
for  Respiratory  Care.**  The  survey  instrument  was  a  writ- 
ten questionnaire  consisting  of  6  questions  (see  Appen- 
dix). The  instrument  was  designed  to  gather  demographics 
and  to  seek  answers  to  3  fundamental  questions: 

1.  In  your  outpatient  sessions.  v\hat  is  the  usual  staff- 
to-patient  ratio'.' 


M 

mimiim 

Maxiiniiiii 

Mean 

Sla 

ml 

ird  fX-vialiiin 

Median 

Staff 

Palicnis 

Ratio* 

1 

1 

0.10 

20 
1.00 

utcd  as  \liiir  iJi\ 

1   i|  - 
5.486 
0.2% 

idcd  by  pilicnu. 

(I4M 
4.1K4 
0.119 

1 
4 

'.Sturr-lo-palicnl 

ralio  calcu 

2.  On  what  criteria  was  the  ratio  established? 

3.  Do  you  restrict  the  number  of  patients  in  a  session 
based  on  this  ratio'.' 

Managers  were  also  asked  to  report  whether  patients  in 
pulmonary  rehabilitation  exercise  sessions  were  separate 
from  those  in  exercise  sessions  for  cardiac  rehabilitation. 
The  questionnaire  was  pilot  tested  on  3  directors  of  local 
pulmonary  rehabilitation  programs.  The  final  questionnaire 
was  distributed  by  mail  along  with  an  intrt)ductory  letter 
explaining  the  project.  A  postage-paid  return  envelope  was 
included.  The  questionnaires  were  coded  to  identify  non- 
respondents  for  follow-up  purposes.  A  follow-up  survey 
was  conducted  by  mail  of  those  w  ho  did  not  respond  w  ithin 
3  vseeks  of  the  initial  mailing. 

Results 

Program  managers  from  40  programs  responded  with 
coiTipleted  questionnaires.  This  resulted  in  a  return  rate  of 
HT7(.  Because  cardiac  rehabilitation  already  has  a  standard 
for  staff-to-patient  ratio,  we  excluded  returns  from  pro- 
grams that  reported  exercising  both  cardiac  and  pulmonary 
rehabilitation  patients  in  the  same  location  at  the  same 
time.  We  analyzed  the  results  of  questionnaires  from  the 
36  programs  that  conducted  pulmonary  rehabilitation  ses- 
sions separately  from  cardiac  sessions.  Figure  I  describes 
the  number  of  full-time  employee  staff  for  the  programs. 
.Sixty-five  percent  of  prograins  had  less  than  2  full-time 
employees.  Table  1  summarizes  the  reported  number  of 
staff  and  patients  and  staff-to-patient  ratio  during  exercise 


1  to  1  1  to  2  1  to  3  1  to  4  1  to  5 

Ratio  of  Staff  to  Patients 

Fig.  2.  Number  of  programs  reporting  each  staff-to-patient  ratio  (n  = 
nearest  whole  numbers. 
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Tabic  2.       Ranklnj;  nl  Criteria  Used  in  t.stabli.--lini{;  Ratio 


Rank* 

Criteria  for  Establishing 
Ratio 

Freque 
Was 

ncy  Criteria 
i  Ranked 

Mean 
Ratingt 

1 

Patiom  safety 

35 

2.78 

■> 

Severity  of  pulmonary 
disease 

35 

3.31 

3 

Availability  of  space  or 

35 

4.89 

4 

equipment 
Pulmonary  diagnosis 

35 

.^.42 

5 

Test  data  (PI-Ts,  fi-min  walk 
test,  etc) 

35 

5.50 

6 

Presence  of  cardiac  problems 

35 

6..36 

7 

Convenience 

32 

7.()fi 

8 

Other 

35 

8.47 

'Inipt>rt;moc  in  cslat>lishing  ratio  (I  -  higticsl,  2  -  second  higlicsl.  etc)  hascil  on  mean 
reptincd  rating. 

^Missing  values  (not  ranked)  made  equal  to  9  in  determining  mean  rating  lor  all  critena, 
PFT  =  pulmonars'  function  test. 


sessions.  Figure  2  describes  the  number  ot  programs  re- 
porting each  staff-to-patient  ratio.  Seventy-eight  percent  of 
programs  reported  a  ratio  equal  to  1  staff  member  working 
with  4  patients  or  less  during  the  exercise  sessions. 

Managers  were  also  asked  to  rank  the  list  of  8  criteria  as 
to  their  importance  in  establishing  the  ratio  used  in  their 
programs  by  assigning  a  rank  of  1  for  the  most  important. 
2  for  the  second  most  important,  and  so  on.  The  eighth 
criterion  was  "'other. "  with  mangers  asked  to  list  the  spe- 
cific criteria.  Table  2  reports  the  mean  ranking  for  each 
criterion.  In  determining  the  mean,  a  \akie  of  9  was  as- 
signed to  the  items  not  ranked  by  the  manager. 

An  issue  that  is  as  important  as  identifying  the  ratio 
standard  is  whether  or  not  program  managers  limit  the 
number  of  patients  in  a  group  based  on  their  reported 
ratios.  Sixty  percent  of  managers  reported  limiting  the  si/e 
of  the  patient  group  ba.sed  on  the  ratio  reported  in  their 
programs. 

Discussion 

Based  on  the  results  of  the  sur\ey  research,  a  statewide 
practice  for  staff-to-patient  ratio  was  described  for  Ohio. 
Staff  members  in  pulmonary  rehabilitation  programs  gen- 
erally work  with  small  groups  of  patients,  with  a  ratio  of 
about  I  slat!  member  for  4  patients.  The  average  number 
of  patients  was  smaller  than  that  ivporletl  in  national  data 
about  patient  group  si/e  in  pulmonaiN  rehahililalion  pro- 
grams and  slightly  smaller  than  certification  rce|uiivmcms 
for  cardiac  rehabilitation  programs."^"  The  most  important 
criterion  reported  in  establishing  the  ratio  was  patient  safet> . 


The  specific  patient  salel>  issue  was  not  deiermined.  The 
criterion  ranked  as  second  was  severity  of  illness,  the  thii  tl 
highest  ranked  criterion  was  availability  of  space  or  equip- 
ment, and  fourth  through  sixth  related  to  the  patient's  di- 
agnoses and  test  results.  Our  results  suggest  that  programs 
use  concern  for  patient  safety  and  disease  severity  as  the 
primary  limiting  factors  in  establishing  a  ratio,  tht)ugh 
some  programs  may  limit  the  si/e  of  the  exercise  group 
primarily  because  of  a  hick  of  additional  space  or  equip- 
ment. Convenience,  which  ranked  seventh,  is  very  low  in 
importance. 

The  survey  was  conducted  in  one  state  only,  so  the 
conclusions  can  be  applied  only  to  that  population  of  pro- 
grams. The  sur\e\  instrument  did  not  include  "staff  avail- 
ability" as  a  ranked  criterion  for  establishing  the  staff-to- 
patient  ratio.  Further  research  on  staff-to-patient  ratio 
should  determine  the  specific  concerns  for  patient  safety 
and  the  role  that  availability  of  staff,  space,  or  equipment 
play  in  establishing  the  ratio.  Ftilure  research  should  also 
determine  staff-to-patient  ratio  at  the  national  level. 

Based  on  the  results,  program  managers  and  medical 
directors  must  consider  whether  increasing  the  si/e  ot  pa- 
tient groups  without  simultaneously  increasing  the  number 
of  staff  substantially  decreases  patient  safety  or  adequately 
responds  to  the  disease/severity  mix  of  patients  in  the  group. 
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PuliiuHiaiN  l\cliahilil;ilmn  Stafr/Paliciil  Kalm  Sliuls 

Directions  Please  answer  the  following  questions  concerning  the  exercise  sessions  in  your  pulmonary 
rehabilitation  program  Please  answer  all  the  questions  unless  directed  not  to 

1    Do  \ou  have  a  pulnionant'  rehabilitation  program  in  which  the  exercise  sessions  are  separate  from  other 
wellness  programs,  such  as  cardiac  rehabilitation'' 

Yes  (Please  go  on  to  question  #2  ) 

No  (Thank  you  Please  return  this  questionnaire  in  the  envelope  provided  ) 


2.  What  is  the  average  number  of  patients  who  participate  in  exercise  sessions  each  week"' 

Hou  many  FTEs  make  up  your  rehabilitation  statP 

3  In  your  pulmonary  rehabilitation  exercise  sessions,  what  is  the  usual  staff-to-patient  ratio'' 

statTto patients 

4  On  what  criteria  have  you  established  this  ratio'^^'  (Please  select  or  list  the  criteria  you  used  and  rank  their 

importance  in  developing  the  ratio  ( 1  =  most  important,  2  =  second  most  important,  etc) 

CRITERIA  RANK 

convenience  

pulmonary  diagnosis  

severity  of  pulmonary  disease  

patient  safety  

test  data  (PFTs,  ABGs,  6-minute  walk,  etc.)    

availability  of  space  and  equipment  

presence  of  cardiac  problems  

other  


5.  Do  you  restrict  the  number  of  patients  in  an  exercise  session  by  enforcing  this  ratio? 


Yes 

No 


6  Do  you  have  ditTerent  staff-to-patient  ratios  for  different  patient  groups  you  treat  (such  as  one  ratio  for 
COPD  patients  and  another  ratio  for  restrictive  disease  patients  or  pre-thoracotomy  patients)? 

YES  (Please  list  the  ratios  and  describe  why  these  are  appropriate  Thank  you  Please  return  the 

questionnaire  in  the  envelope  provided  ) 
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Case  Reports 


Effect  of  Prolonged  Low-Dose  Methylprednisolone  Therapy 
in  Acute  Exacerbation  of  Idiopathic  Puhiionary  Fibrosis 

Osamu  Nishiyama  MD.  Makoto  Shimi/u  MD.  Yasushi  Ito  MD,  Hiroaki  Kumc  MD. 
Ryujiro  Suz.uki  MD,  Toyoham  Yokoi  MD,  and  Kciiichi  Yainaki  MD 


\\t'  report  on  a  74-year-old  man  with  an  acute  exacerbation  of  idiopathic  pulmonary  fibrosis  (IPF) 
who  was  successfully  treated  with  prolonj^ed  low-dose  methylprednisolone.  initiated  at  a  loading 
dose  of  2  niji/k}j.  followed  by  2  mjVkj;  per  day  for  14  days.  The  dose  was  then  tapered.  The  exacerbation 
observed  on  the  chest  radi(»j;raph  and  high-resolution  computed  tomography  was  found  to  have  abated 
after  the  treatment.  This  successful  case  suggests  the  feasibilitv  of  this  methylprednisolone  treatment 
protocol  for  patients  with  IPF  accompanied  by  accelerated  deterioration.  Furthermore,  this  case  sug- 
gests possible  similarities  between  acute  exacerbation  of  IPF  and  late  acute  respiratory  distress 
syndrome,  as  the  same  treatment  protocol  was  previously  proved  to  be  beneficial  for  patients  with 
late  acute  respiratory  distress  syndrome.  Key  nonls:  iclldpaihic  jmhiunutry  fibrosis,  iisunl  inicrstiiial 
pneiimonici.  respiratoryfailure,  acute  respiratory  distress  syndrome.    |Respir  Care  2001  ;46(7):698-701  ] 


Introduction 

Idiopathic  pulmonary  fibrosis  (IPF).  also  referred  to  as 
cryptogenic  fibrosing  alveolitis,  is  a  fatal  disorder  with  a 
reported  median  survival  of  3  to  6  years.'  Although  its 
clinical  course  is  generally  chronic,  some  IPF  patients 
worsen  abruptly.  Kondoh  et  al-  rept)rled  3  cases  of  IPF 
w  ith  acute  clinical  exacerbation.  Histology  findings  from 
open  lung  biopsy  from  these  patients  showed  both  usual 
interstitial  pneumonia  (UIP)  and  organizing  acute  lung  in- 
jury pattern.  Colby  et  al  also  noted  in  some  UIP  patients  a 
fulminant  and  usually  fatal  acute  diffuse  alveolar  damage 
superimposed  on  the  UIP.^  Thus,  IPF  can  cause  acute  de- 
terioration in  some  patients  during  its  chronic  course.  How- 
ever, there  have  been  no  studies  about  treatment  for  acute 
IPF  exacerbation.  Altln)Ugh  high-dose  corticosteroid  ther- 
apies, such  as  1  g/d  of  methylprednisolone  for  3  days,  have 
been  reported.-"*  consensus  has  not  been  reached. 
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Recently.  Meduri  et  al  reported  that  prolonged  admin- 
istration of  low-dose  methylprednisolone  in  patients  with 
unresolving  acute  respiratory  distress  syndrome  (ARDS) 
was  associated  with  impro\enient  in  lung  injury  score  and 
reduced  mortality.'^  In  the  present  case  we  used  the  Meduri 
et  al  methylprednisolone  treatment  protocol  with  an  IPF 
patient  suffering  accelerated  clinical  deterioration,  and  eval- 
uated efficacy. 

Case  Summary 

A  74-year-old  man  was  referred  in  July  1999  because  of 
a  6-month  history  of  dyspnea  on  exertit)n.  No  other  symp- 
toms were  present.  The  patient  was  in  his  usual  state  of 
health  before  the  onset  of  dyspnea.  His  medical  history 
included  cholelithotomy.  He  was  a  former  smoker.  He  had 
not  had  an\  iiilialalioii  episodes. 

See  the  Related  Editorial  on  Page  664 

On  examinalton.  the  patient  appeared  comfortable.  Heart 
rate  was  72  beats/min.  respirator)  rate  14  breaths/min.  and 
he  was  afebrile.  He  had  fine,  bihasilar.  inspiratory  "Vel- 
cro-like"  crackles.  Heart  and  abilomcn  were  w  itliin  normal 
limits.  There  was  no  peripheral  cyanosis  or  edema,  but  he 
did  ha\e  clubbing  of  the  fingers.  .Arterial  blood  gas  \alues 
on  room  air  were  pH  7.4  1.  arterial  partial  pressure  of  car- 
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Fig.  1 .  Chest  radiograph  (A)  and  high-resolution  computed  tomog- 
raphy (HRCT)  (B)  obtained  on  admission.  The  chest  radiograph 
reveals  bilateral  reticular  density  and  consolidation  with  predilec- 
tion for  the  lower  lung  zones.  HRCT  reveals  consolidation,  in- 
tralobular interstitial  thickening,  and  traction  bronchiectasis.  These 
abnormalities  in  HRCT  had  lower  lung  zone  predilection  and  pre- 
dominantly peripheral  distribution. 


bun  dioxide  36  mm  Hg.  and  arterial  partial  pressure  of 
oxygen  (P,,o  )  64  mm  Hg.  Electrocardiography  findings 
were  normal.  C-reactive  protein  level  was  not  elevated.  No 
evidence  was  foimd  of  connective  tissue  disorder.  Figure  1 
shows  the  initial  chest  radiograph  and  high-resolution  com- 
puted tomograph).  Pulmonary  function  test  results  were: 
vital  capacity  1.860  niL  (59.8'/^  of  predicted),  forced  ex- 
piratory volume  in  the  first  .second  1.440  mL  (68.59^  of 
predicted),  ratio  of  forced  expiratory  \olume  in  the  first 
second  to  forced  vital  capacity  83.29K  and  diffusing  ca- 
pacity of  the  lung  4.95  mL/min/mm  Hg  (38.8%). 

Bronchoscopy  with  transbronchial  biopsy  and  hronchoal- 
veolar  lavage  (BAL)  showed  nonspecific  interstitial  in- 


ri.iMiinaiioii  hui  Moi  a  hisiulogic  diagnosis.  BAL  findings 
ueie:  total  cell  couni  3.3  x  10*^/1111..  macrophages  (tl.T/t , 
lymphocytes  26.2'/r,  and  neutrophils  6  r;  ruliure  of  B.\I. 
Iluid  excluded  bacterial  infection 

Open  lung  biopsy  was  performed  on  Jul>  2}  lo  make  a 
del'inilive  diagnosis.  Biopsy  specimens  were  obtained  from 
right  upper  and  lower  lobes  (S3  and  .S8).  Microscopically. 
dense  collagenous  deposition  with  interstitial  fibrosis,  in- 
liltrate  of  lymphocytes  and  plasma  cells,  and  fibroblastic 
proliferation  were  observed  in  S3.  Section  S8  showed 
diffuse  dense  fibrosis  with  loss  of  alveolar  architecture. 
sht)wing  honeycomb  fibrosis.  In  both  S3  and  S8.  tem- 
poral heterogeneity  of  fibrosis  was  observed,  character- 
istic of  UIP." 

Two  weeks  alter  open  lung  biopsy,  low  grade  fever 
(>  37°  C)  and  dyspnea  appeared.  Chest  radiograph  and 
high-resolution  computed  tomography  shovsed  deteriora- 
tion (Fig.  2).  His  respiratory  status  worsened  rapidly  de- 
spite oral  administration  of  levofloxacin.  He  was  intubated 
on  August  12.  as  we  could  not  keep  him  adequately  oxy- 
genated. Soon  after  intubation.  P;,(j,/F|(,^  (ratio  of  P,,„  lo 
fraction  of  inspired  oxygen)  was  109,  indicating  an  .^RDS 
state."  Swan-Gan/  catheteri/ation  found  wedge  pressure  to 
be  in  the  normal  range.  A  ventilator  management  proce- 
dure was  designed,  employing  low  tidal  volume,  transal- 
\eolar  pressure  limitation,  pressure-limited  \entilation.  and 
permissive  hypercapnia.*^  '"  Facile  BAL  was  performed 
after  intubation  and  the  culture  was  negative.  Methylpred- 
nisolone  therapy  was  then  initiated  at  a  loading  dose  of  2 
nig/kg.  followed  by  2  mg/kg  per  day  for  14  days.^  The 
dose  of  methylprednisolone  was  then  tapered.  One  fourth 
of  the  total  daih  meth\  Iprednisolone  dose  was  given  every 
6  hours,  until  meth>lprednisok)ne  was  changed  to  oral 
prednisolone.  Cefozopran  2  g  (a  third-generation  cephalo- 
sporin available  in  Japan)  and  erythronncin  1  g/d  were 
administered  intravenously  in  consideration  of  possible  in- 
fection. BAL  was  performed  again  on  Day  5  of  mechan- 
ical ventilation  (total  cell  count  1.4  X  lOVmL.  macro- 
phages 39.3%.  lymphocytes  21.4<7f,  neutrophils  35.795-, 
eosinophil  3.6%)  and  ventilator-associated  pneumonia  was 
excluded.  The  patient's  condition  and  respiratory  status 
gradually  impro\  ed.  without  any  se\  ere  complications,  and 
he  was  extubated  on  August  23.  Intravenous  methylpred- 
nisolone w  as  changed  to  an  oral  maintenance  dose  of  pred- 
nisolone 20  mg  on  alternate  days  and  ciclosporin  150  mg 
per  day  as  a  maintenance  therapy  (Fig.  3). 

Infection  by  \iruses.  nncoplasma.  chlamydia,  and  Ic- 
gionella  were  all  excluded  by  serological  studies  through- 
out the  course. 

Three  months  after  the  cxacerbatiiMi.  chest  radiograph 
and  high-resolution  computed  tomograph)  findings  were 
improved  (Fig.  4)  and  the  patient  was  discharged  on  No- 
vember 8.  The  patient  has  been  under  observation  for  at 
least  6  months  alter  discharsje  and  has  not  deteriorated. 
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Fig.  2.  Chest  radiograph  (A)  and  high-resolution  computed  tomog- 
raphy (HRCT)  (B)  at  acute  exacerbation,  showing  increased  bilat- 
eral infiltrates.  The  HRCT  shows  ground-glass  opacity  with  diffuse 
distribution. 


Discussion 

Wc  described  a  patient  \s  ith  IFF-  accompanied  hy  accel- 
erated deterioration,  who  was  successfully  treated  with 
prolonged  low  -dose  methylprednisolone.  Kondoh  et  al  pro- 
posed a  detlnilion  of  acute  exacerbation  of  IFF  as  follows: 
(a)  exacerbation  of  dyspnea  within  a  few  weeks,  (b)  newly 
developing  diffuse  pulmonary  infiltrates,  (c)  deterioration 
of  hypoxemia  (P-,(),/F|„,  <  225),  and  (d)  absence  of  ap- 
parent infectious  agents.-  Our  patient  met  those  criteria. 
Although  the  entity  of  acute  exacerbation  of  IFF  has  al- 
ready been  reported.-  and  corticosteroid  therapy  is  likely 
to  be  the  sole  beneficial  treatment,  the  appropriate  dose  or 
duration  of  steroid  therapy  has  not  been  established.  In  the 
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Fig.  3.  Clinical  course  and  change  In  the  ratio  of  arterial  partial 
pressure  of  oxygen  to  fraction  of  Inspired  oxygen  (Pao/'^io;)  (closed 
circles)  and  C-reactive  protein  (CRP)  (open  circles).  Vertical  line 
marks  August  12  (Day  0),  when  corticosteroid  treatment  was 
Initiated.  Squares  at  the  top  denote  the  corticosteroid  therapy,  a: 
2  mg/kg  of  methylprednisolone  per  day.  with  a  loading  dose  of 
2  mg/kg  on  Day  0.  b:  1  mg/kg  of  methylprednisolone  per  day. 
c:  0.5  mg/kg  of  prednisolone,  d:  20  mg  of  prednisolone  on  alter- 
nate days,  with  1 50  mg  of  cyclosporin  per  day.  LVFX  =  levofloxa- 
cin.  C20P  --  Cefozopran.  EM  ^  erythromycin. 


absence  of  trials  evaluating  the  dose  or  duration  of  steroid 
treatment,  high-dose  corticosteroid  therapies,  such  as  1  g/d 
of  methylprednisolone  for  3  days,  were  frequently  used.--' 

As  for  ARDS,  there  is  evidence  that  corticosteroids  are 
beneficial  in  the  fibroproliferative  phase,  or  late  phase,  of 
ARDS.^"  The  treatment  protocol  for  prolonged  low-dose 
methylprednisolone  that  Meduri  et  al  recently  proposed  to 
treat  unresolving  ARDS*^  is  a  loading  dose  of  2  mg/kg. 
followed  by  2  mg/kg/d  from  Day  1  to  Day  14.  1  mg/kg/d 
from  Day  15  to  Day  21,  0.5  mg/kg/d  from  Day  22  to  Day 
28.  0.25  mg/kg/d  on  Days  29  and  30,  and  0.125  mg/kg/d 
on  Day  31  and  32.  One  fourth  of  the  total  daily  methyl- 
prednisolone dose  is  given  every  6  hours.  When  oral  in- 
take is  restored,  methylprednisolone  is  changed  to  a  single 
oral  dose.  Because  the  high-dose  corticosteroid  therapies 
used  in  previous  reports  about  acute  exacerbation  of  IPF 
can  easily  cause  more  severe  complications  such  as  infec- 
tion, mineral  imbalance,  myopathy,  and  psychosis,  and 
usually  fail  to  withdraw,  we  tried  a  modified  version  of  the 
Meduri  et  al  protocol  in  this  case  of  acute  exacerbation  of 
IPF.  We  successfully  treated  the  patient,  without  severe 
complications,  which  suggests  that  the  protocol  might  be 
useful  in  IPF  exacerbations. 

IPF  patients  can  deteriorate  for  \arious  reasons.'-  Since 
there  was  no  lung  biopsy  follow ing  the  acute  deterioration, 
we  are  not  certain  why  the  patient  deteriorated  or  w h\  he 
subsequently  reco\ered  to  his  baseline  state.  Howe\er.  in- 
fectious causes  for  the  deterioration  were  excluded,  so  the 
patient  met  the  criteria  of  acute  exacerbation  of  IPF  pro- 
posed by  Kondoh  et  al.-  It  was  noted  that  both  IJIP  and 
organizing  diffuse  ah eolar  damage  patterns  were  observed 
histologically  in  patients  with  acute  exacerbations  of  IPF.- 
Therefore  we  think  that  in  the  present  case  organizing 
diffuse  alveolar  damage  v.  as  the  main  histologic  feature  of 


700 


Respiratory  Cari;  •  Jlly  2001  Vni  46  No  7 


Prolonged  Low-Dosk  Mi;rnM.i>Ri:DNisoLONK  kor  Idiopathic  Pulmonary  FiBRr)sis 


Fig.  4.  Chest  radiograph  (A)  and  high-resolution  computed  tomog- 
raphy (HRCT)  (B)  3  months  after  exacerbation.  The  abnormalities 
observed  at  acute  exacerbation  have  improved.  The  ground-glass 
opacity  on  the  HRCT  had  almost  disappeared. 


the  exacerbation,  superimposed  on  liic  lindings  of  UIP. 
Considering  that  histology  findings  ol  late  ARDS  are  con- 
sistent VMth  organizing  dift'usc  ai\eolar  damage."  we  hy- 
pothesi/e  that  the  main  histologic  features  are  parallel  in 
these  2  clinical  conditions.  We  also  h\pothesize  that  the 
prolonged  lov\-dose  corticosteroiil  treatment  reported  to  be 
beneficial  for  patients  with  late  ARDS  would  also  benefit 
patients  sulTering  acute  exacerbations  ol   IPF."  Although 


luiihei  siikiies  are  needed,  the  present  successful  ca.se  sup- 
|iorls  ihal  h\pothesis. 

In  conclusion,  we  present  a  patient  with  acute  exacer- 
bation of  IPF  successfully  treated  by  prolonged  low-dose 
metlulpredmsolone.  This  treatment  protocol  can  be  sub- 
stituted lor  the  high-dose  meth>lprednisolone  therapies  re- 
ported previously.  Furthermore,  there  may  be  parallels  be- 
tween acute  exacerbation  of  IPF-  and  late  .ARDS  and  their 
responses  to  cortict)steroid  therap) . 
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Co-Existiiiiz  Granular  Cell  Tumor  and  Adenocarcinoma  of  the  Lung: 
A  Case  Report  and  Review  of  the  Literature 

Asif  A  Muhammad  MD.  Pawan  Sikka  MD.  Rajw  indor  S  Dhillon  MD. 
William  J  Gibbons  MD.  and  Ali  Ahmod  MD 


Granular  cell  tumor  (GCT)  of  the  lung  is  a  rare  tumor,  ecmstitutinj;  less  than  lO'r  of  all  GCTs.  It 
is  a  multicentric  tumor  and  infiltrates  into  acljoininjj  tissue,  but  malignant  CJCT  of  the  lung  has  not 
been  reported.  Diagnosis  is  usually  obtained  with  bronchoscopic  biopsy.  Treatment  options  include 
bronchoscopic  extirpation,  laser  therapy,  and  sleeve  resection.  We  present  a  case  of  (;CT  co-existing 
with  adenocarcinoma  of  the  lung  and  review  the  literature.    [Rcspii  Care  2001 :46(7):7()2-7()4] 


Introduction 

Granular  cell  tiinuir  (GCT)  can  occur  in  \irtually  any 
location,  the  commonest  area  beint;  the  head  and  neck. 
Usually  GCTs  are  benign,  but  ntaiigiiant  t)nes  have  been 
reported.  GCT  of  the  lung  is  a  rare  neoplasm.  It  was  thought 
to  be  of  mvoblastic  origin,  but  recent  consensus  is  that  the 
tumor  originates  from  Schwann  cells.  The  main  morpho- 
logic feature  is  the  granularity  of  the  cytoplasm.  Pulmo- 
nar\  complications  from  the  tunmr  are  due  to  airway  ob- 
struction. Therapeutic  options  depend  on  the  size  and 
nimiber  of  the  lesions  and  the  extent  of  lung  damage. 

Case  Summary 

The  patient  is  a  33-year-old  African-American  female 
with  a  history  of  adult  polycystic  kidney  disease,  cerebral 
arter\  aneurysm,  and  emphysema.  .She  presented  with 
2-week  histt)ry  ol'llu-like"  symptoms  and  chest  tightness. 
She  had  an  18  pounds  weight  loss  over  the  past  3  years. 
The  patient  was  a  40-pack-year  smoker.  There  was  no 
historv  of  fever,  chills,  night  sweats,  hemoptysis  or  calf 
pain.  She  was  allergic  to  penicillin  and  codeine.  Her  oc- 
cupational history  was  unremarkable. 

Physical  examination  showed  an  alert  but  emaciated 
and  malnourished  vouni:  woman.  She  was  afebrile  and  hei 
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vital  signs  were  stable.  There  was  no  evidence  of  skin 
lesions,  lymphadenopathy.  or  increased  jugular  venous 
pressure.  Chest  examination  showed  fair  air  entry  and  few 
crackles  bilaterally,  which  cleared  with  coughing.  There 
were  no  rhonchi.  wheezes,  stridor,  or  other  adventitious 
sounds.  Breast  tissue  was  soft,  with  no  palpable  masses. 
Heart  rhythm  was  regular,  w  ith  nt)  murmurs  or  rub.  Liver 
span  was  8  cm.  There  was  no  evidence  of  edema,  club- 
bing, or  cyanosis. 

Laboratory  data  showed  hemoglobin  of  11.7  gm/dL. 
white  blood  cell  count  of  .3.40()/mL.  and  normal  serum 
chemistry  except  for  a  bicarbonate  level  of  3 1 .  Chest  ra- 
diograph showed  h\  peraeraled  lung  fields  and  a  2  cm  nod- 
ule in  the  left  upper  lobe.  Computerized  tomographv  con- 
firmed the  presence  of  a  2  cm  nodule  in  the  left  upper  lobe, 
in  addition  to  diffuse  emphysematous  changes  in  lung  pa- 
renchyma. There  was  no  e\ idence  of  hilar  or  mediastinal 
lymphadenopathy. 

Pulmonary  function  tests  showed  a  severe  obstructive 
ventilatory  defect,  with  air  trapping  and  severely  reduced 
carbon  monoxide  diffusing  capacity. 

The  patient  underwent  a  flexible  bronchoscopv .  which 
revealed  a  0.5  cm  lesion  at  the  major  carina,  a  1  cm  pol- 
vpoid  mass  in  the  right  upper  lobe,  and  no  endobronchial 
lesion  in  the  left  upper  lobe  or  other  segments.  Biopsies 
were  taken  from  the  carinal  and  right  upper  lobe  lesions. 
Bronchoalveolar  lavage  (BAD  fluid  from  both  lungs 
showed  spindle  cells  with  abundant  granular  eosinophilic 
cvtoplasm  and  spindle-shaped  nuclei  with  finely  granular 
chromatin  and  small  nucleoli  (Fig.l).  These  cells  stained 
strongly  with  S-IOO  protein,  consistent  with  a  diagnosis  of 
GCT.  with  no  evidence  of  malignancy. 

Taking  into  account  her  decrea.sed  pulmonarv  function 
reserve  and  increased  risk  of  complications,  including  pos- 
sible chronic  ventilator  dependence,  the  patient  underwent 
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Fig.  1.  Section  from  carina!  biopsy  (magnification  20.  S-100  stain) 
shows  a  submucosal  infiltrate  of  cells  (arrow)  with  small  bland 
nuclei  and  abundant  granular  eosinophilic  cytoplasm,  and  the  cells 
stain  strongly  with  the  S-100  protein. 


a  wedge  resection  of  the  left  upper  lobe  nodule.  This  rc- 
\ealed  moderately  differentiated  adenocarcinoma  with 
hronchoalveoiar  features.  She  did  not  receive  any  radiation 
or  chemotherapy.  As  the  patient  did  not  have  any  symp- 
toms due  to  the  OCT.  and  because  of  the  diffuse  involve- 
ment, she  did  not  receive  any  specific  therapy  and  was 
scheduled  for  close  follow-up. 

Discussion 

GCT  was  originally  described  by  Abrikossoff  in  1926. 
and  the  first  pulmonary  case  was  described  in  1939  by 
Kramer.-  GCT  is  rare  and  the  exact  incidence  of  the  tumor 
overall  is  not  known.  In  one  large  series  of  1  10  patients 
with  GCTs  in  a  32-year  period  at  2  centers,  the  tumors 
accounted  for  0.03%  of  more  than  410.000  surgical  spec- 
imens over  the  same  period  of  time.'  The  commonest  area 
of  involvement  is  the  head  and  neck,  specifically  the  tongue, 
which  constitutes  23-28'/c  of  all  GCTs.'  Other  sites  in- 
clude mucous  membranes  of  the  gastrointestinal  tract  (par- 
ticularly the  esophagus)  and  the  female  genital  tract.'  Pul- 
monary GCTs  account  for  6-10%  of  all  GCTs.^  Most 
pulmonary  GCT  lesions  are  in  the  lower  respiratory  tract 
and  form  polypoid  and  endobronchial  masses.-'  Rarcls  the\ 
can  occur  in  the  posterior  mediastinum." 

Pulmonary  GCT  can  be  multicentric  and  up  to  25"(  can 
be  multiple.''  They  tend  to  occur  in  large  bronchi,  at  the 
sites  of  bifurcation.  This,  however,  does  not  indicate  ma- 
lignant potential,  though  it  can  minnc  pulmonary  metas- 
tases in  patients  with  other  malignancies.  Metastatic  ma- 
lignant GCT  to  the  lung  forms  parenchymal  nodules  rather 
than  polypoid  endobronchial  lesions.  Patients  with  familial 
multiple  GCT  ha\e  been  reported  to  dexelop  malignant 
GCT  with  lung  metastases.'  No  primary  malignant  GCT 


ol  the  lung  has  been  reported,  although  3-6%  of  extrapul- 
mimar\  GCT  lesions  are  malignant. 

Ihe  median  age  for  the  occurrence  of  GCT  is  the  fourth 
or  fifth  decade,  but  the  incidence  ranges  from  5  to  59  years 
of  age.''  CiCT  occurs  equall\  frci|uenlly  in  men  and  wom- 
en.'* In  some  studies  there  was  a  higher  predilection  in  the 
African- American  population.' 

A  imic|ue  form  of  GCT  consisting  of  alveolar  septal 
infiltration  was  observed  in  a  2y-week-old  ntale  fetus  with 
congenital  GCT  and  systemic  involvement.'* 

in  .SO'r  of  cases,  symptoms  are  of  endobronchial  ob- 
struction; localized  whee/ing.  chest  pain,  and  cough.  Other 
symptoms  are  hemoptysis  and  weight  loss.  GCT  can  present 
as  post-obsiructi\c  pneimionia.  The  rest  are  discovered 
incidentally  at  bronchoscopy  or  surgery  for  some  other 
condition  or  on  routine  chest  radiograph.  The  last  usually 
reveals  persistent  infiltrates  or  atelectasis,  but  solitary  pul- 
monary nodules  have  been  reported.'' 

Pulmonary  GCT  has  an  infiltrative  character."  In  one 
series  of  patients  from  \\  alter  Reed  .Army  Meilical  Center. 
40';  of  the  tumors  had  peribronchial  tissue  extension.  An- 
other iiiieresting  feature  is  thickening  of  the  subepithelial 
basement  membrane,  seen  in  less  than  40*^  of  the  cases. 
Recognition  of  this  feature  may  lead  to  a  search  for  gran- 
ular cells  and  to  considering  the  possibility  of  GCT. 

Macroscopically.  the  tumor  is  whitish  or  pale  yellow, 
and  it  may  appear  well  circumscribed  but  in  fact  is  not 
sharply  demarcated  and  does  imi  shell  out  readily.  Micro- 
scopically. GCT  tumor  cells  are  arranged  in  slender  bands 
of  connective  tissue.  The  periphery  of  the  tumor  is  not 
sharply  defined,  and  detached  groups  of  neoplastic  cells 
ma\  extend  for  some  distance,  creating  an  appearance  ot 
infiltration.  Individually,  the  cells  are  ovoid  or  polygonal, 
with  abundant  eosinophilic,  coarsely  granular  cytoplasm. 
The  nuclei  are  hyperchromatic  hut  uniform  in  si/e  and 
shape.  The  cytoplasmic  granules  of  GCT  tumors  are  peri- 
odic acid-Schiff  stain  positive,  diastase  resistant,  and  con- 
sistently stain  positive  with  Luxol  fast  blue  stain.'" 

The  immunohistochemistry  of  the  tumor  gives  clues  to 
its  origin.  Presently  the  consensus  is  that  the  tumor  orig- 
inates from  Schwann  cells.  The  tumor  invariably  expresses 
S-100  protein.  Most  GCTs  are  also  positive  for  vimentin. 
Staining  for  collagen  1\'  and  lammin  is  frequently  seen 
around  tumor  nests. 

Histologic  differential  diagnosis  includes  oncocytic  car- 
cinoid, metastases  of  the  granular  cell  \  ariant  of  renal  cell 
carcinoma,  squamous  cell  carcinoma,  signet  ring  carci- 
noma, and  alveolar  soft  part  sarcoma.  These  lesions  should 
be  differentiated  on  the  basis  of  inimunohisiochemisiry 
and  morphologv. 

GCT  can  occur  w  ith  other  iieo|ilaMiiN,  the  most  common 
being  lung  cancer."-'''  Only  2  other  cases  co-exist  with 
adenocarcinoma.'-"  Other  associations  have  been  with 
esiiphageal  and  renal  carcinomas."  Co-existing  non-neo- 
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plustic  diseases  iluit  have  hoeii  repoiicil  include  sarcoid- 
osis, himuiii  imiiuinodeticiency  virus,  pulmonary  ciioiidroid 
hamarloma.  and  cerebral  arteriovcncnis  malformation."  '^  "• 
but  these  are  probahK  eoincideiUal.  lispercalcemia  has 
been  reported  in  2  patients.^ 

The  diagnosis  is  generally  based  on  bronchoscopie  bi- 
opsN  specimens,  but  recognition  on  bronchial  brushing  or 
washing  has  been  reported.'''"* 

Pulmonary  GCT  beha\es  in  a  benign  manner.  No  ma- 
lignant pulmonary  GC'Ts  have  been  reported,  although 
3-6%  of  extrapulmonary  GCT  lesions  are  malignant.  The 
growth  rate  of  pulmonary  tumors  is  extremely  slow.  Drake 
et  al  reported  a  recurrence  in  one  patient  after  7  years  and 
lack  of  recurrence  in  another  patient  after  12  years,  despite 
a  positive  marginal  pneumonectomy."  Spontaneous  regres- 
sion has  been  reported  at  other  sites,  but  not  in  the  lung.''' 

Therapeutic  options  need  to  be  individualized.  Patients 
with  asymptomatic  lesions  can  be  followed  without  ther- 
apy.-" Conservative  approaches  include  bronchoscopie  ex- 
tirpation, laser  therapy,  or  sleeve  resection.- '  - '  These  meth- 
ods are  preferable  if  the  distal  lung  parenchyma  is  preserved 
or  if  the  tumors  are  multifocal.-'  Daniel  et  al  proposed  that 
tumors  smaller  than  S  mm  are  amenable  to  endoscopic 
removal.--  In  cases  with  extensive  lung  injury  from  pneu- 
monia or  bronchiectasis,  a  lobectomy  or  pneumonectomy 
mav  be  needed. 


REFERENCES 

1.  Abriko.ssoff  A.  Uher  Myome.  ausgehend  \un  Jer  quergestreiften 
willkurlichcn  Muskulatur.  Virchows  Arch  Pathiil  Aiuit  Phvsiol  Klin 
Med  iy26;2W):2l.s-2.V^. 

2.  Kramer  R.  Myoblastoma  of  llie  bronchus.  Ann  ( )lol  Rhinol  Laryngol 
1'W9;48:I083-I086. 

?>.  Lack  EE.  Worsham  CiF,  Calhhan  MD.  Crawford  BE.  Klappenbach 
S.  Rowden  G.  Chun  B.  Granular  cell  tumor:  a  clinicopathologic 
study  of  110  patients.  J  Surg  One  1980;13(4):301-3I6. 

4.  Oparah  SS.  Subramanian  VA.  Granular  cell  myoblastoma  of  the 
bronchus:  report  of  2  cases  and  review  of  literature.  Ann  Thorac  Surg 
iy7(i;22(2):l99-202. 

.S.  Roblnsim  JM.  Knoll  R.  Henry  DA.  Intrathoracic  granular  cell  myo- 
blastoma. South  Med  J  1988:81(1 1):I453-14.S7. 

6.  Dcavers  M.  Guinee  1^.  Koss  MN.  Travis  WD.  Granular  cell  lumor  of 
the  lung:  clinicopathologic  study  of  20  cases.  Am  J  Surg  Palhol 
l99.s;l9(6i:627-635. 


10. 
II. 

12. 

13. 

14. 

LS. 

16. 
17. 

IS, 
19. 

20. 
21. 

22. 


Khansur  T.  Balducci  L.  Tavassoli  M  (iranular  cell  lumor:  clinical 
spectrum  of  the  benign  and  malignanl  entil\.  Cancer  1987:60(2): 
220-222. 

Park  SH.  Kim  TJ.  Chi  JG.  Congenital  granular  cell  lumor  with 
systemic  involvement:  immunohistocheinical  and  ultrastructural 
study.  Arch  Pathol  Lab  Med  1991:1 15(9):934-938. 
Schulster  PL.  Khan  FA.  A/ueta  V.  Asypmptomatic  pulmonary  gran- 
ular cell  lumor  presenting  as  a  coin  lesion.  Chest  I975:68(2):256- 
2.^8. 

Ordonez  NC.  Granular  cell  tumor:  a  rcsicw  and  update.  Ai\v  Anat 
Pathol  1999:6(41:186-203. 

Hurwitz  SS.  Conlan  AA.  Grit/man  MC.  Krul  I.H.  Coexisting  gran- 
ular cell  myoblastoma  and  squamous  carcinoma  of  the  bronchus. 
Thora,\  l982;37(.')):392-393. 

Gabriel  JB  Jr.  Thomas  L.  Mendo/a  CB,  Chauhan  P.M.  Granular  cell 
tumor  of  the  bronchus  coexisting  with  a  bronchogenic  adenocarci- 
noma: a  case  report.  J  Surg  Oncol  1983:24(21:103-106. 
Tamayo  JL,  Rojas  MC.  Granular  cell  myoblastoma  (granular  cell 
schwannoma)  of  the  right  upper  bronchus  coexisting  with  a  bron- 
chogenic carcinoma:  report  of  the  first  case  in  the  litcralurc.  J  Thorac 
Cardiovasc  Surg  l97l;62(2):268-270. 

Dabouis  G.  Nomballais  MF.  Maury  B,  Peltier  P.  Morineau  JF.  Cor- 
roller  J.|Endobronchial  Abrikosov's  lumor:  two  new  cases  associ- 
ated to  malignant  tumors.)  Poumon  Coeur  I979:35(4):2I  1-216.  ar- 
liclc  in  French 

Liebman  J.  Linlhicum  CM.  Granular  cell  myoblastoma  (schwanno- 
ma) of  the  carina  in  .i  patienl  with  sarcoidosis.  South  Med  J  1976: 
69(12):I6I3-I6l.s. 

Ganti  S.  Marino  W.  Granular  cell  myoblastoma  in  an  HIV  positive 
patient.  NY  Stale  J  Med  l99l;9l(6):26.S-266. 
Giant  MD.  Wall  RW,  Ransburg  R.  Endobronchial  granular  cell  tu- 
mor: cytology  of  a  new  case  and  re\iew  of  literature.  Acta  Cytol 
l979:23(6):477-482. 

Fuzesi  L.  Hoer  PW.  Schmidt  W.  Exfoliative  cytology  of  multiple 
endobronchial  granular  cell  tumor.  Acta  Cytol  I9S9:33(4):5I6-5I8. 
Krouse  TB.  Mobini  J.  Multifocal  granular  cell  myoblastoma:  report 
of  a  case  involving  trachea,  stomach,  and  anterior  abdominal  wall. 
Arch  Pathol  l973;96(2l:9.S-99 

Redjaee  B.  Rohalgi  PK.  Herman  M.\.  Multicentric  endobronchial 
granular  cell  myoblastoma.  Chest  l990;9S(4):945-948. 
McLain  WC  3rd.  Olsen  GN.  Wooldridge  D.  Almond  CH.  Boykin 
AB.  Endotracheal  granular  cell  myoblastoma:  a  failure  of  laser  ther- 
apy. Chest  1984:86(1):  136- 1 37. 

Daniel  TM,  Smith  RH,  Faunce  HE.  Sylvest  VM.  Transbroncho- 
scopic  versus  surgical  resection  of  tracheobronchial  granular  cell 
myoblastomas:  suggested  approach  based  on  follow-up  of  all  treated 
cases.  J  Thorac  Cardiovasc  Surg  I980:80(6):898-903 
De  Clercq  D.  Van  der  Straeten  M.  Rods  H.  Granukir  cell  myoblas- 
toma of  the  bronchus.  Eur  J  Respir  Dis  1983:641 1  ):72-76. 


704 


Respiratory  Carl  •  Ji  i  -i  2001  Voi  46  No  7 


Special  Articles 


Tlic  FuUirc  i)\'  Respiratory  Care 

lJa\Kl  ,1  I'lcison  MD  lAARC 


InlrodiK'tion 

Kcspiiiitorj  C'arf:   Ihe  Subject  Area 

Definition  and  Characteristics 

Transformations  in  Heallli  (are  Dnrinj;  llu  2(»th  Century 

History  ol  Miilianiial  \  eiililalion  lor  Acute  Uesjjiratory  Failure 

Mana^in^  Acute  Respiratory  Distress  Syndrome 

Manafiinj:  Nentilation:  \Aiu)i  Protection  and  l*ermissi\e  ll\percapnia 

Manajiinj;  Oxygenation:  (Questioning;  Assumptions  and  Mo>ing  lo%\ard 
Permissive  Hypoxemia 

Manajiinj;  Acute-()n-(  lironic  \  entilatory  Failure 

Monitoring  the  Critically  III  Patient 
Respiratory  Care:  The  Profession 

Detlnition  and  Characteristics 

History 

Evidence  of  the  liffectiveness  of  Respiratory  Therapists  and  Respiratory 
Care  I'rotocols 

Respiratory   1  herapists  and  Fnd-of-Life  Care 

Respiratory  Therapists  and  Smokinf;  Cessation 

Resi)iratory  Pherapists  and  Home  Care 
RisiMKMoin  C\Ri:   Ihe  Journal 
Conclusions 


The  term  respiratory  care  has  more  than  one  nieanin}>,  referrinj;  hoth  to  a  subject  area  within 
clinical  medicine  and  to  a  distinct  health  care  profession.  In  the  li>>ht  of  several  fundamental 
transformations  of  health  care  during  the  2()th  century,  this  article  reviews  the  history  of  respira- 
tory care  in  both  of  these  contexts  and  offers  Id  predictions  for  the  future:  ( 1 )  I. ess  focus  on  raising 
P,,,  as  a  primary  j;oal  in  nianajjinfj  patients  with  acute  hypoxemic  respiratory  failure.  (2)  More 
attention  to  the  adequacy  of  tissue  oxyjienation  in  such  patients,  irrespective  of  P.,,,.  and  the 
emergence  of  "permissive  hypoxemia."  analojjous  to  permissive  bvpercapnia.  in  manajiinj;  them.  (3) 
Smarter  monitors  that  dispiav  information  less  but  process  it  more,  while  interactiiifi  directly  with 
ventilators  and  other  devices  to  modify  therapeutic  interxentions.  (4)  Increased  use  of  and  expertise 
with  noninvasive  ventilation,  with  a  correspondin(i  decrease  in  intubations  and  complications,  in 
treating;  patients  with  acute  exacerbations  of  (OPI).  (5 1  Increased  use  of  triajje  in  the  intensive  care 
unit,  including  earlier  determination  of  the  appropriateness  of  maximal  supportive  intervention.  (61 
Greater  use  of  protocols  in  patient  assessment  and  management,  in  all  clinical  settings.  (7i  Increased 
awareness  of,  expertise  in.  and  resources  for  palliative  care,  with  a  more  active  and  acknowledged 
role  for  respiratory  therapists.  (8)  Accelerating  progress  in  smoking  cessation  and  prevention,  and 
also  in  earlv  detection  and  intervention  in  (OPI).  led  by  the  respiratory  care  profession.  ('J|  An 
increasing  presence  and  impact  of  respiratory  therapists  as  coordinators  and  care  givers  in  home 
care.  (10)  A  continued  and  enlarging  role  for  the  journal  Ri  si-irviokv  Cvrk  in  disseminating 
research  findings,  clinical  practice  guidelines,  protocols,  and  practical  educational  materials  in  all 
areas  of  the  field.     |l<cspir  Care  ZOOI  ;46l7);7()5 -7  1  S| 
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Introduction 

\\  lu'ihci  one  rcckmis  the  beginiiiiit:  ol  tlic  new  nnllcn- 
niuin  as  ilic  year  2()()()  or  the  year  2001.  we  are  at  an 
auspicious  lime  in  human  history,  and  no  aspect  ol  our 
current  civilization  is  more  important  to  that  history  than 
health  care.  Having  been  accorded  the  honor  of  presenting 
the  Louis  Mark  Memorial  Lecture  at  the  American  Col- 
lege of  Chest  Physicians"  annual  convention  iov  the  year 
2000.  I  have  cho.sen  to  discuss  the  facet  of  health  care  that 
is  of  greatest  concern  to  the  readers  of  this  journal:  rcspi- 
raliirv  ((ire. 

1  will  begin  b\  tliscussing  what  is  meant  by  rcspiniiory 
care,  as  it  is  a  term  with  dilferent  meanings  in  different 
contexts.  I  will  review  the  events  and  developments  that 
have  shaped  respiratory  care  until  now.  so  that  we  can 
understand  why  it  exists  as  it  does  and  also  pose  some 
rational  thoughts  about  what  is  likely  to  happen  in  the 
future.  In  the  process,  I  will  make  10  specific  predictions 
of  what  we  are  likely  to  see  in  the  coming  decades. 

The  term  respiratory  care  has  3  distinct  meanings. '  First, 
it  is  a  subject  area  within  science,  technology,  and  health 
care.  It  is,  second,  a  distinct  health  care  profession.  And. 
third,  it  is  the  name  of  the  peer-reviewed  journal  in  which 
these  words  appear.  I  will  discuss  the  history  and  future  of 
each  of  these  3  meanings  of  respiratory  care  and  share 
some  personal  perspective  developed  during  nearly  30  years 
of  work  in  this  field. 

Respiratory  Care:  The  Subject  Area 

Definition  and  Characteristics 

When  I  arrived  at  the  University  of  Colorado  in  1971  as 
a  medical  resident.  Tom  Petty  had  just  published  his  land- 
mark book.  Intensive  and  Rehabilitative  Respiratory  Care,- 
in  which  he  wrote: 

The  development  of  an  organized  team  approach 
for  the  management  of  patients  with  acute  respira- 
tory failure  has  been  a  major  advance  of  today's 
medicine,  and  has  provided  the  arena  for  system- 
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atic.  physiologically  oriented  care.  The  disciplines 
ol  internal  medicine,  surgery,  anesthesiology,  nurs- 
ing care,  inhalation  therapy,  and  physical  medicine 
and  rehabilitation  all  eoine  to  bear  on  problems  pre- 
sented bv  each  individual  case.- 


As  in  so  many  areas  of  pulmonary  medicine.  Dr  Petty  got 
it  right  the  first  time  and  was  many  years  ahead  of  his  time. 
Thus,  respiratory  care  as  a  subject  area  is  a  collection  of 
principles,  skills,  and  patient  needs  that  have  arisen  be- 
cause of  the  nature  of  respiratory  disorders  and  their  ef- 
fects on  patients. 

Incorporated  in  Petty"s  original  definitional  statement 
are  4  key  characteristics:  respiratory  care  is  systematic,  it 
is  based  on  physiology,  it  is  nndtidisciplinary.  and  it  is 
defined  by  the  needs  of  patients.  I  will  emphasize  these  4 
characteristics  herein  because  they  are  at  the  very  core  of 
the  subject  area  respiratory  care  as  we  know  it  today. 

Respiratory  care  includes  portions  of  se\eral  other  fields, 
but  it  is  not  the  same  as  any  of  them.  It  incorporates 
aspects  of  critical  care  medicine,  pulmonology.  anesthesi- 
ology, nursing,  physical  therapy,  and  clinical  engineering. 
Its  components  are  numerous  and  include  pulmonary  func- 
tion testing,  arterial  puncture  and  blood  gas  analysis,  en- 
dotracheal intubalit)!!  and  all  aspects  of  airway  manage- 
ment, mechanical  ventilation  both  invasive  and  noninvasive 
and  associated  functions,  the  management  of  respiratory 
tract  secretions,  and  the  administration  of  aerosols.  Also 
prominently  on  the  list  are  chest  physical  therapy,  pulmo- 
nary rehabilitation,  and  home  care. 

Transformations  in  Health  Care 
During  the  2()th  Century 

Health  care  changed  more  in  the  century  just  concluded 
than  ever  before  in  human  history.  Although  the  changes 
include  previously  unimaginable  medical  wonders,  not  all 
the  changes  were  for  the  better.  A  great  internist.  Paul 
Beeson.  w  ho  lives  in  Seattle  and  is  now  in  his  90s,  played 
a  major  role  in  the  achievements  of  internal  tnedicine  in 
the  20th  century.  For  a  special  millennium  issue  of  the 
Annals  of  Internal  Medicine.  Beeson  was  interviewed  about 
the  changes  he  hail  witnessed  in  medicine.''''  and  he  cited 
3  major  transitions  or  transformations  in  medicine  in  the 
20th  century. 

The  first  of  these  was  the  transition  of  health  care  from 
the  home  and  doctor's  office  to  the  hospital  setting,  which 
took  place  following  the  Second  World  War.  The  second 
transformation  was  the  explosion  of  knowledge  and  tech- 
nology that  accompanied  the  griiwth  of  academic  hospitals 
and  medical  schools,  along  with  an  enormous  expansion  of 
their  facilities  and  faculties,  starting  in  about  19.^0  and 
continuing  into  the  mid-1980s.  We  are  contending  today 


706 


Rfspiratorv  Cari;  •  iv\\  2001  Vol  46  No  7 


The  Future  of  Respiratory  Care 


Table  1.       History  of  Mcthanital  Vomilalion  iii  iIk-  CiilKalK  III 


Pi-riod 
Before  1970 

1970s  lo  early  l9S0s 
Mid-1980s  to  earlv  IWOs 


Last  10  vears 


Ventilutor  Chaructcrisllcs 


Simplicity 
Liiiiiied  capability 
Empiricism 

New  modes 

Increasing  capability  and  complexity 


Microprocessor  control 
New  and  combined  modes 
More  ci>nifilc\ity 

New  targets 
Brand-specific  modes 
Quest  for  simplicity 


Management  Targets 
and  Published  Lileralure 

Bedside  observation 

(Bli)od  gases  nut  yet  widely  available) 

Anecdotal  repons  and  descriptions 

Blood  gases 
Airway  pressures 
Immediate  physiologic  changes 
Anecdotal  clinical  scries 

Short-term  changes 
Complications 
Small-scale  clinical  trials 

Outcomes 

Costs 

Large-scale  clinical  trials 


with  the  tliiid  2()lli-cciiiuiA  iiaiistorinalit)n  in  health  caic. 
whieh  Beeson  calls  the  industrialization  of  medicine.'  This 
has  shifted  contiol  of  health  caie,  and  of  what  its  practi- 
tioners do.  from  those  who  deliver  health  care,  h)  admin- 
istrators and  business  people,  from  whom  the  clinicians 
now  take  orders. 

These  fundamental  transformalioiis  of  health  care  in  gen- 
eral are  echoed  in  the  history  of  respiratory  care.  To  bring 
this  home  I  will  take  as  an  example  the  history  of  mechan- 
ical ventilation  of  the  critically  ill.  and  especially  of  pa- 
tients suffering  acute  hypoxic  respiratory  failure. 

History  of  Mechanical  \  tntilation 
for  .Vcute  Respiratory  Failure 

Before  about  1970.  mechanical  ventilation  was  crude  by 
today's  standards,  but  straightforward  (Table  I ).  Ventila- 
tors that  could  deli\er  a  predetermined  tidal  \(ilume  (V, ) 
with  each  breath  were  replacing  earlier  machines  that  could 
only  apply  a  pre-selected  pressure  to  the  airway,  but  max- 
imum pressures  and  flows  were  limited  and  monitoring 
was  fairly  rudimentary.  Arterial  blood  gas  (ABG)  mea- 
surement was  a  research  tool,  and  clinicians  mainly  used 
bedside  physical  assessment  to  gauge  the  adequacy  of  ven- 
tilatory suppotl.  Hospitals  did  not  yet  ha\e  intensi\e  care 
units  (ICUs).  TTie  literature  on  mechanical  ventilation  con- 
sisted mainly  of  physiologic  studies  of  animals.  obser\atioiis 
from  the  operating  room,  and  anecdotal  clinical  reports. 

The  advent  of  intensive  care  in  the  United  States  in  the 
early  1970s  was  accompanied  by  new  modes  and  ap- 
proaches to  ventilatory  support,  notably  volume  assist/ 
control  and  intermittent  mandatory  \entilation.  New  ven- 
tilators such  as  the  .Siemens  Servo  900  series  offered  new 
modes,  along  with  increased  pressure  and  tlow  capabili- 


ties—  but  also  greater  complexity  lor  the  user.  Textbooks 
and  articles  dealing  with  mechanical  ventilation  prolifer- 
ated dramatically.  These  publications  focused  on  airway 
pressures,  ABG  measurements,  and  immediate  phy  siologic 
changes  in  response  to  alteration  of  ventilator  settings.  The 
clinical  literature  consisted  of  anecdotal  series.  Although 
investigators  postulated  more  cffecti\e  gas  exchange  with 
the  new  features,  any  innucnco  of  ventilator  modes  and 
settings  on  actual  patient  oulconics  was  conjectural  if 
thought  about  at  all. 

By  the  late  1980s,  there  were  new  and  combined  modes, 
and  pressure-targeted  ventilation  had  returned  to  compete 
with  (and  sometimes  to  combine  with)  \olume-pre-set  ven- 
tilation. ICU  ventilators  were  microprocessor-driven  and 
ever  more  complex — not  only  in  their  innards  but  also  in 
what  the  clinician  had  to  master  in  order  to  use  them 
effectively  in  managing  patients,''  Terminology  related  to 
modes  of  ventilation  became  more  confusing  as  ventilator 
manufacturers  ottered  their  own  variations  and  combina- 
tions of  common  basic  features,  each  with  its  own  name, 
apparent  uniqueness,  and  claimed  exclusivity."  " 

During  the  1980s  most  of  the  literature  still  dealt  with 
short-term  changes  such  as  alterations  in  arterial  oxygen- 
ation, compliance,  and  airway  pressures  in  response  to 
changes  in  mode  or  other  manipulations.  .At  about  this 
time  the  attention  of  clinicians  was  al.so  increasinglv  draw  n 
to  the  adverse  effects  of  mechanical  ventilation,  and  espe- 
ciallv  to  veniilaior-induced  lung  injury,  which  were  appar- 
ently (he  ivsuli  ot  ihc  increased  capabilities  of  ihc  new 
machines  or  at  least  how  clinicians  were  using  them.  Start- 
ing around  1990.  new  targets  and  goals  for  ventilatory 
support  began  to  emerge  for  patients  with  acute  respiratory 
failure,  which  were  intended  to  prevent  or  reduce  the  se- 
verity of  ventilator-induced  lung  injur) .  Published  results 
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Table  2.      Elenicnis  in  the  Management  ol  Acme  Respiraion,  Distress 
Syndrome 

1 .  Oxygenation  of  the  aHerial  hlniid 

2.  Support  of  ventilation 

3.  Treatment  of  the  primary  conditicm  precipltalini;  acute  respiratory 
distress  syndrome 

4.  Monitoring  the  patient,  the  ventilator,  and  other  aspects  of 
management 

5.  Prevention,  recognition,  and  treatment  of  complications 


from  small-scale  clinical  trials  of  mechanical  ventilation 
targeted  at  these  new  goals  began  to  appear. 

In  the  last  few  years,  mechanical  ventilation  has.  in  a 
.sense,  come  full  circle,  to  a  renewed  quest  for  simplicity  in 
management.  This  is  not  because  the  machinery  and  our 
knowledge  are  rudiinentary,  as  was  the  case  30  years  ago. 
but  because  we  are  realizing  that  we  may  not  have  been 
looking  at  the  right  end  points,  and  because  what  we  have 
been  doing  costs  too  much.  Studies  being  published  today 
focus  on  outcomes  and  costs,  and  we  now  have  available,  for 
the  first  time,  data  from  large-scale  randotnized  clinical  trials 
examining  at  least  some  aspects  of  mechanical  ventilation. 

Managing  Acute  Respiratory  Distress  Syndrome 

I  would  like  to  take  the  management  of  acute  respiratory 
distress  syndrome  (ARDS)  as  my  ca.se  in  point  in  illus- 
trating the  trends  I  have  just  summarized,  and  to  use  it  as 
the  springboard  for  predicting  what  is  likely  to  happen  in 
respiratory  care  in  the  larger  sense.  Management  of  ARDS 
patients  basically  consists  of  5  tasks,  as  listed  in  Table  2. 
We  oxygenate  the  arterial  blood,  traditionally  using  arte- 
rial partial  pressure  of  oxygen  (P.,,,,)  as  the  measure  of 
that.  We  support  alveolar  ventilation,  using  arterial  partial 
pressure  of  carbon  dioxide  (Paco.l  ^"tl  pH  ''^  the  indices. 
We  treat  the  primary  problem  insofar  as  we  are  able,  and 
here  I  refer  not  to  treating  ARDS  itself  hut  the  precipitating 
prtx:ess  that  led  to  development  of  the  s\  ndrome.  such  as  a 
specific  infection  producing  sepsis.  Fourth,  we  extensively 
monitor  both  the  patient  and  the  tools  that  we  are  using  to 
manage  the  patient.  And,  finally,  we  do  our  best  to  prevent, 
to  recognize  early,  and  to  treat  complications  that  anse. 

This  list  describes  in  a  nutshell  what  is  involved  in 
managing  .ARDS.  To  provide  a  framework  for  speculating 
about  the  future  of  respiratory  care  in  this  area,  I  v\ould 
like  to  examine  the  first  2  elements  on  the  list — that  is.  the 
things  that  we  do  in  management  of  .ARDS  that  are  tar- 
geted at  supporting  gas  exchange.  I  will  discuss  ventilation 
first,  because  we  have  come  further  in  the  evolution  of  our 
thinking,  and  more  scientific  evidence  from  ARDS  pa- 
tients is  available  in  this  area  than  with  oxveenation. 


Pressure  ► 

Fig.  1 .  Idealized  pressure-volume  curve  of  the  respiratory  system 
of  an  acute  respiratory  distress  syndrome  patient,  as  measured 
during  a  very  slow  inspiration  in  the  absence  of  muscular  activity. 
The  curve  reflects  lung  and  chest-wall  compliance  (ie,  the  change 
in  volume  for  a  given  change  in  pressure).  Point  A,  the  lower  in- 
flection point,  indicates  increased  compliance  accompanying  re- 
cruitment of  collapsed  alveoli.  At  pressures  and  volumes  above 
Point  B,  the  upper  inflection  (or  deflection)  point,  compliance  is 
reduced  because  of  alveolar  over-distention. 


Managing  Ventilation:  Lung  Protection 
and  Permissive  Hypercapnia 

Traditionally,  a  main  goal  of  mechanical  ventilation  was 
to  '"normalize"  gas  exchange.  That  is,  we  sought  to  elim- 
inate or  minimize  evidence  of  gas  exchange  impairment, 
to  get  as  close  as  possible  to  a  normal  P^q,-  right-to-left 
shunt,  venous  admixture,  or  ratio  of  P30,  to  fraction  of 
inspired  oxygen  (P.,cj,/F|o,).  and  also  to  keep  Paco-  ^nd  pH 
within  normal  limits.  These  values  are  quite  natural  as 
goals  and  it  is  no  wonder  that  they  were  pursued  for  the 
first  25  years  or  so  after  ARDS  was  first  described.  How- 
ever, in  the  1990s  the  management  and  support  of  alveolar 
ventilation  and  arterial  oxygenation  has  begun  to  be  viewed 
in  a  different  light  and,  as  a  result,  the  goals  and  strategies 
of  managing  ventilation  have  changed,'* 

This  shift  in  management  is  due  mainly  to  a  heightened 
awareness  of  the  alveolar  damage  that  can  be  done  to 
an  ARDS  patient  if  the  lung  is  over-distended  during  in- 
spiration and  insufficiently  held  open  at  end-e.\piration. 
Figure  i  shows  an  idealized  depiction  of  the  pressure-v  olume 
relationship  of  the  respirator)  SNstem  of  an  ARDS  patient 
and  illustrates  the  rationale  for  the  new  ventilation  strategy. 

As  distending  pressure  is  progressivelv  applied,  begin- 
ning at  a  low  lung  volume,  little  lung  expansion  initially 
occurs  because  much  of  the  alveolar  space  is  collapsed  or 
consolidated.  With  additional  pressure,  recruitable  alveoli 
open  and  lung  compliance  increases.  However,  as  infiating 
pressure  is  further  increased,  some  alveoli  become  over- 
distended  and  overall  respiratorv'  system  compliance  be- 
gins to  decrease.  The  point  on  the  pressure-volume  curve 
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Fig.  2.  A  smoothed  depiction  of  overall  survival  among  acute  respiratory  distress  syndrome  (ARDS) 
patients  managed  according  to  a  lung-protective  ventilatory  strategy  (tidal  volume  6  mUkg.  solid  line) 
versus  traditional  ventilation  (tidal  volume  12  mlVkg,  dashed  line),  using  data  from  the  National  Institutes 
of  Health-sponsored  ARDS  Network  study.  (Adapted  from  Reference  14.) 


at  which  the  lung  opens  and  coinphancc  increases  is  called 
the  lower  intlection  point  (point  A  on  the  figure),  and  the 
point  at  which  o\er-distention  occurs  and  compliance  de- 
creases is  called  the  upper  inflection  (or,  more  properly. 
deflection)  point  (point  B). 

Numerous  studies  using  experimental  animals  have 
shown  that  tidal  ventilation  that  increases  peak  lung  infla- 
tion beyond  the  upper  intlection  point,  or  that  allows  lung 
volume  to  fall  below  the  lower  inflection  point  on  expira- 
tion, damages  normal  lungs  and  greatly  augments  injur)  in 
previously  damaged  lungs.''"'  It  follows  that,  in  order  to 
minimize  ventilator-induced  lung  injury,  tidal  ventilation 
ought  to  take  place  between  these  2  points  on  the  pressure- 
volume  curve." 

Figure  1  is  consistent  with  the  a\ailable  evidence  both 
from  animals  and  humans  with  ARDS.  Howe\ er,  it  is  greatl> 
simplified,  and  the  inflection  and  deflection  points  are  typi- 
cally difficult  to  identify  consistently  at  the  bedside  in  actual 
patients.  Nonetheless,  the  management  of  ARDS  has  evoK  cd 
to  be  more  consistent  with  tidal  ventilation  in  the  middle  part 
of  the  cur\e.  This  invohes  limiting  peak  abeolar  distending 
pressure,  primarily  by  using  lower  V,  than  before. 

I  need  to  point  out  that  the  relevant  pressure  is  what  is 
applied  to  the  alveoli — end-inspiratory  plateau  pressure — 
and  not  what  is  measured  in  the  \entilalor  circuit  during 
inspiration.  For  a  whole  generation,  cluiicians  were  misled 
into  tracking  peak  airway  pressure  as  a  reflection  of  ihc 
risk  of  barotrauma  and  ventilator-induced  lung  injury.  Peak 
pressure  reflects  resistance  to  air  flow  (ie.  things  proximal 
to  the  alveoli)  as  well  as  lung-chest  wall  compliance, 
whereas  plateau  pressure  assesses  only  the  latter. 


The  use  of  smaller  V^^  in  ARDS  patients  often  results  in 
hypercapnia.  However,  rather  than  increasing  minute  ven- 
tilation in  an  attempt  to  bring  tlown  P,(o  •  eurrent  manage- 
ment allows  hypercapnia  (and  respiratory  acidosis)  to  persist 
as  an  acceptable  price  to  pay  in  order  to  protect  the  lungs 
from  injury.  Hence  the  term  permissive  hypeirapnia. 

Although  early  clinical  series  by  Hickling  et  al'-  and  a 
small  single-center  clinical  trial  by  Amato  et  aP'  reported 
impnned  sur\ i\ al  of  .ARDS  patients  managed  w ith  lung- 
pix>tecti\e  \enlilation  and  perniissi\e  hypercapnia.  com- 
pelling evidence  of  the  efficacy  of  this  management  has 
only  recently  been  published.  I  refer  to  ihe  .ARDS  Netwdrk 
study,  a  large-scale  multicenter  clinical  trial  sponsored  by 
the  National  Institutes  of  Health  (NIH).'-"  This  study  en- 
rolled ARDS  patients  diagnosed  b_\  standardized  criteria 
and  randomized  them  to  be  managed  either  with  the  new 
lung-protective  ventilation  strategy  (corrected  Vj  of  6 
niL/kg  or  less,  and  end-inspirator\  plateau  pressure  kept 
below  .^0  cm  H^O)  or  more  traditional  mechanical  venti- 
lation ( V I  of  1 2  mL/kg  and  plateau  pressure  of  50  cm  H^jO 
or  less).  V,  was  determined  according  to  calculated  ideal 
body  weight,  which  turned  out  to  be  on  average  about  IQ'^/c 
less  than  the  patients'  actual  admission  weights. '■* 

Figure  2  depicts  the  main  results  of  the  .ARDS  Network 
study  in  terms  i>f  overall  survival."  .As  you  can  see.  there 
was  a  clear  and  bolh  clinicalK  aiul  statisticallv  signiflcant 
difteience  in  outcome  with  the  2  ventilation  management 
strategies.  The  mortality  rate  in  the  paiienls  receiving  tra- 
ditional ventilatory  management  was  40%,  versus  31%-  in 
the  paiienls  managetl  with  lung-protective  ventilation — 
think  this  is  the  most  important 
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Fig.  3.  Unadjusted,  all-cause  mortality  among  acute  respiratory  distress  syndrome  (ARDS)  patients  man- 
aged at  Harborvlew  Medical  Center  from  1981  through  1998.  Diagnostic  criteria  and  precipitating  causes 
of  ARDS  did  not  vary  significantly  during  the  time  period  shown.  The  decrease  in  mortality  is  statistically 
significant  and  is  not  substantially  altered  by  adjustment  for  ARDS  nsk  factors,  age,  and  gender.  (Adapted 
from  References  15-18.) 


study  of  mechanical  sentilation  that  has  ever  been  piih- 
lished.  It  is  the  first  time  that  it  has  ever  been  shown,  with 
a  proper,  sufficiently  powered,  controlled  clinical  trial,  that 
any  approach  to  mechanical  ventilation  is  better  than  any 
other  in  terms  of  what  ultimately  happens  to  the  patient. 

I  need  to  tell  you.  though,  that  even  before  the  ARDS 
Network  study  was  carried  out.  some  changes  were  hap- 
pening with  respect  to  clinical  outcomes  in  ARDS.  This  is 
illustrated  by  the  experience  of  one  clinical  center,  as  shown 
in  Figure  3.'-''-'*'  which  shows  the  percentage  of  ARDS 
patients  who  died  at  Harborview  Medical  Center  from 
1981  through  1998.  At  Harborview.  a  group  of  investiga- 
tors under  the  direction  of  Leonard  Hudson  has  been  pro- 
.spectively  and  consecutively  studying  every  ARDS  patient 
for  more  than  20  years.'"-"  using  a  set  of  diagnostic  cri- 
teria that  are  essentially  the  same  as  the  European-Amer- 
ican consensus  criteria.-'  During  this  study  period,  this 
group  has  accumulated  what  must  surely  be  the  largest 
consecutive  series  of  ARDS  cases  in  the  world — well  over 
2,000  of  them. 

Figure  3  illustrates  an  important  trend  in  ARDS  mor- 
tality. In  Ashbaugh  and  Petty's  1967  report,  from  Denver, 
that  first  described  and  named  ARDS.  mortality  among 
their  patients  was  about  two  thirds.--  For  the  next  20  years, 
reported  mortality  from  Denver  and  elsewhere  among  pa- 
tients who  developed  this  syndrome  remained  between  60 
and  70%.='  This  was  the  ca.se  at  Harborview  until  about 
1990.  At  about  that  time  there  began  a  real  and  sustained 
decrease  in  the  mortality  of  ARDS.  as  shown  in  the  fig- 
ure.='  All-cause  mortalitv  declined  to  about  one  third,  and 


has  remained  less  than  40%  until  the  present — a  decrease 
of  nearly  half  from  the  prev  ious  mortality  rate.  "^  This  trend 
is  evident  not  only  at  Harborview .  w  here  half  of  all  ARDS 
cases  occur  in  patients  with  multiple  trauma,  but  also  at 
other  centers  around  the  world.--" 

I  would  like  to  point  out  that  this  improvement  in  ARDS 
survival  was  happening  before  we  started  using  lower  V-r 
and  other  aspects  of  lung-protecti\e  ventilation.  Thus,  on 
the  one  hand  we  have  the  ARDS  Network  study  showing 
that  managing  ARDS  patients  with  low  Vy  and  limited 
airway  pressures  improves  survival,  and  on  the  other  hand 
we  were  already  doing  something  right,  because  mortality 
had  already  fallen  before  the  new  management  strategy 
was  introduced. 

Managing  Oxygenation:  Questioning  .Assumptions 
and  Moving  Toward  Permissive  Hypoxemia 

Why  do  ARDS  patients  die?  It  turns  out  that  the  great 
majority  of  them  die  from  nonrespiratory  causes.  Figure  4 
shows  the  proportions  of  deaths  among  ARDS  patients  at 
Harborview  that  were  due  to  respirator)  failure  (ie.  due  to 
inability  to  oxygenate  the  blood  and  maintain  acid-base 
status)  during  the  same  time  periods  as  in  the  previous 
figure.'^"*  These  pie  charts  show  thai  most  people  who 
get  ARDS  and  subsequently  die  do  not  succumb  to  respi- 
ratory failure.  The  most  common  cause  of  death  is  sepsis 
and  multiple  organ  failure,  which  accounted  for  31-.'iO% 
of  the  deaths  during  the  time  period  shown.  Next  was 
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Fig.  4.  Causes  of  death  among  acute  respiratory  distress  syn- 
drome (ARDS)  patients  who  died  at  Harborview  Medical  Center 
during  4  sampling  periods  from  1981  to  1998.  The  proportion 
of  deaths  from  unsupportable  respiratory  failure  remained  be- 
tween 13  and  19%.  while  deaths  from  nonrespiratory  causes 
(mainly  from  sepsis-multiple  organ  failure  and/or  neurologic  pro- 
cesses) remained  between  81  and  87%.  (Adapted  from  Refer- 
ences 15-18.) 

cerebral  hemorrhage  and  other  form.s  of  central  nervous 
system  I'ailure.  which  caused  19-29%  of  the  deaths.  Car- 
diac, hepatic,  hematologic,  and  other  organ  failures  ac- 
count for  much  of  the  rest.  Failure  of  gas  exchange  caused 
only  13-19'}f  of  the  deaths. 

So  of  all  the  people  who  get  ARDS  and  also  die,  only 
about  1  in  6  or  I  in  7  dies  directly  because  of  respiratory 
failure.  If  we  consider  the  fact  that  the  current  mortality 
rate  among  ARDS  patients  is  about  35%,  with  only  \5%  of 
those  d\  ing  of  gas  exchange  failure,  it  means  that  only  5% 
of  ARDS  patients  die  because  of  inability  to  support  oxy- 
genation. 

I  want  to  deal  further  with  that  observation.  Of  the 
things  we  do  in  managing  ARDS  patients  (see  Table  2). 
number  1  has  always  been  to  oxygenate  the  arterial  blood. 
The  assumption  has  always  been  that,  if  we  adequately 
oxygenate  the  arterial  bkH)d.  our  management  has  been 
successful,  and  that  a  patient  whose  oxygenation  is  main- 
tained has  a  better  chance  of  survival  (Fig.  5).  But  an  increas- 
ing body  of  data  suggests  that  there  is  rea.son  to  question  that 
assumption. 

Let's  look  at  the  things  we  do  to  increase  P,,,,  in  ARDS 
patients.  Number  1  is  U)  increase  F,,,,,  although  for  as  long 
as  we"ve  been  treating  ARDS  we've  been  reluctant  to 
increase  F,,,  above  about  0.5  or  0.6,  for  fear  of  oxygen 
toxicity.  The  primary  alternative  is  to  use  positive  end- 


Oxygenation 


Outcome 


Fig.  5.  Assumed  relationship  between  arterial  oxygenation  and 
survival  or  other  favorable  outcome  in  managing  acute  respiratory 
distress  syndrome  (ARDS)  patients:  improving  oxygenation  signi- 
fies success  in  management  and  must  surely  improve  outcome. 
This  assumption  was  implicit  in  many  studies  of  ventilator  man- 
agement of  ARDS,  in  which  increasing  arterial  partial  pressure  of 
oxygen  was  a  management  end  point. 


expiratory  pressure  (PEEP)  and  to  attempt  to  lower  F,,,  by 
progressive  increases  in  PEEP.  We  also  have  seen  intro- 
duced pressure  control  ventilation,  inverse  inspiration-to- 
expiration  ratio,  decelerating  inspiratory  flow,  and  a  vari- 
ety of  other  manipulations  of  the  \entilatory  waveform  in 
attempts  to  make  the  gas  exchange  belter  and  improve 
oxygenation. 

Then  there  ha\e  been  the  adjunctive  measures  for  aug- 
menting arterial  oxygenation  that  have  been  introduced 
and  subsequently  studied  in  clinical  trials,  including  prone 
positioning,  inhaled  nitric  oxide,  and  extracorporeal  life 
support  or  extracorporeal  membrane  oxygenation  (ECMO). 
ECMO  was  studied  in  the  mid-1970s  in  patients  with  se- 
vere ARDS  and  shown  in  a  big  multicenter  NIH  trial  to 
offer  no  advantage  in  survival  over  standard  management.-^ 
That  study  was  even  repeated  by  the  NIH  15  years  later, 
because  ECMO  advocates  could  not  believe  that  the  ther- 
apy was  not  effective,  and  once  again  a  multicenter  trial 
showed  that  ECMO  produced  no  better  survival  than  con- 
ventional ventilatory  support,  in  this  instance  guided  by  a 
protocol.-* 

We  now  also  ha\e  randomized,  multicenter.  controlled 
trials  on  prone  positioning  and  inhaled  nitric  oxide.  In- 
haled nitric  oxide-''  has  been  shown  to  raise  P^q.-  '^^  '^^s' 
in  most  patients,  but  to  have  no  effect  on  survival.  And 
upcoming  results  of  a  large  multicenter  European  trial  of 
prone  positioning  in  ARDS  also  found  that  most  of  the 
patients  showed  improved  oxygenation  but  that  there  was 
no  effect  on  outcome  ( L  Gattinoni.  unpublished  data,  200 1 ). 

Contrast  these  findings  to  those  of  the  ARDS  Network 
study'-*  showing  substantially  decreased  mortality  w  ith  low 
Vj  conventional  ventilation — in  fact,  using  good  old-fash- 
ioned assist-control.  In  the  ARDS  Network  study,  although 
measures  of  arterial  oxygenation  were  ultimately  the  same 
in  the  2  treatment  groups,  the  ratio  of  P,,o,  to  F|o,  was 
actually  lower,  and  patient  exposure  to  higher  F,„  greater, 
for  the  first  several  days  in  the  low-Vy  group.  That  is.  the 
patients  w  ith  better  ultimate  outcomes  received  higher  F,o, 
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and  had  lower  effective  arioiial  owucnation  than  ilio  |ia- 
ticnts  with  larger  V,,  who  sutfered  hiuhcr  mortality. 

The  above  observations  fly  in  the  lace  ol  the  eoinen- 
lional  belief  that  the  higher  the  I'l,,  the  higher  the  risk  of 
oxygen  toxicity  and  a  bad  outcome.  1  think  it's  time  we 
re-examined  that  belief.  In  my  25  years  of  attending  in  the 
medical  and  surgical  ICUs  at  Harborvievs.  1  have  become 
convinced  that  we  ha\e  been  sorely  misled  by  an  unwar- 
ranted fear  of  oxygen  toxicity.  In  the  Pacific  Northwest,  as 
in  many  cultures  around  the  world,  we  have  a  myth  of  a  giant 
forest  beast  called  Bigfoot  or  Sasquatch.  Well,  I  consider 
oxygen  toxicity  "the  Sasquatch  of  the  ICU."  Everybody  has 
heard  of  it  and  knows  what  it"s  supposed  to  look  like,  but  the 
evidence  of  its  existence  is  dubious  at  best! 

I  am  well  aware  of  the  data  from  animal  models  and 
normal  humans  that  demonstrate  the  toxic  effects  of  breath- 
ing increased  concentrations  of  oxygen.-""'"'  However,  I 
am  not  convinced  that  pulmonary  oxygen  toxicity  really 
poses  a  clinically  important  risk  in  critically  ill  patients. 
Even  with  all  the  ARDS  cases  I've  seen,  1  do  not  think  I 
can  identify  a  single  case  of  oxygen  toxicity.  Maybe  it 
happened  and  1  didn't  recognize  it.  which  could  well  be 
the  case,  since  pulmonary  oxygen  toxicity  and  ARDS  are 
supposed  to  be  a  lot  alike  clinically.  However,  as  1  showed 
earlier,  the  mortality  of  ARDS  decreased  during  a  period 
when  we  were  not  making  any  substantial  change  in  the 
oxvgen  concentrations  v\e  used.  I  also  mentioned  several 
studies  that  showed  that  short-term  impio\enients  in  arte- 
rial oxygenation  did  not  necessarily  improve  survival. 

The  ARDS  Netv\ork  study  maintained  F|„  .  PEEP,  and 
P.,u,  within  specified  ranges  in  order  to  minimi/e  con- 
founding vainables,  but  there  is  no  such  uniformity  in  or- 
dinary patient  management.  Managing  ARDS  may  be  as 
much  about  clinician  beha\ior  as  it  is  about  the  patient's 
illness.  If  you  don't  believe  that,  just  go  from  hospital  to 
hospital  in  your  own  community  and  look  at  the  differ- 
ences in  the  way  the  same  condition  is  managed.  How  high 
or  low  an  F|o,  clinicians  are  comfortable  with  and  how 
much  PEEP  they  will  use  in  order  to  decrease  F,o,  below 
a  certain  level  vary  a  great  deal.  Within  the  institution 
where  I  practice  there  are  attending  physicians  who  con- 
sider it  acceptable  to  leave  an  ARDS  patient  on  TO'X  ox- 
ygen and  10  or  13  cm  H^O  of  PEEP,  whereas  others  will 
increase  PEEP  to  .^0  cm  H^O  or  more  in  order  to  get  the 
Fio,  down  to  0.5  or  less. 

Similarly,  the  target  P,,,,,.  pulse  oximetry  saturation,  or 
mixed  venous  oxygen  saturation  that  triggers  intervention 
in  a  patient  being  managed  for  ARDS  varies  considerably 
among  institutions  and  among  individual  clinicians.  In  the 
absence  of  strict  protocols  or  as  a  result  of  imprecise  phy- 
sician orders,  it  is  often  up  to  the  nurse  at  the  bedside  to 
fme-tune  the  F,,,  and  maintain  the  various  indices  of  ox- 
ygenation at  individual  ■"ctJiiifoil  levels."  The  "acceptable" 


Fig.  6.  Alternative  relationship  between  oxygenation  and  outcome 
suggested  by  recent  data  from  studies  of  nitric  oxide  and  prone 
positioning  in  acute  respiratory  distress  syndrome  (ARDS):  be- 
cause relatively  few  ARDS  deaths  are  due  to  inability  to  support 
oxygenation,  improving  oxygenation  does  not  necessarily  improve 
outcome. 


Ie\el  of  arterial  oxygenation  varies  from  patient  to  patient 
and  even  for  a  given  patient  from  shift  to  shift. 

Maybe  the  relationship  between  arterial  oxygenation  and 
outcome  in  ARDS  looks  more  like  Figure  6  than  Figure  5. 
That  is.  maybe  oxygenation  and  outcome  are  almost  com- 
pletely dissociated.  In  the  studies  of  prone  positioning  (L 
Gattinoni.  unpublished  data,  2001)  and  inhaled  nitric  ox- 
ide,-'' there  was  no  outcome  benefit  from  interventions  that 
increased  P.,^,.  However,  about  I  patient  in  20  still  dies 
because  of  insupportable  oxygenation  failure,  so  the  con- 
cept illustrated  in  Figure  6  needs  to  show  some  degree  of 
o\erlap.  albeit  probably  much  less  than  we  have  assumed 
in  the  past. 

Does  it  really  make  a  difference  v\ hether  the  P,o  in  an 
ARDS  patient  is  50  or  100  mm  Hg?  That  may  seem  a 
heretical  question,  and  I  can  hear  a  chorus  of  responses 
from  across  the  country  saying.  "Don't  be  ridiculous!  Of 
course  you  shouldn't  allow  P_,,,,  to  be  50  mm  Hg  if  you 
can  make  it  higher  than  that."  But  Fm  not  sure  we  have 
much  substantiation  for  the  assumption  that  we  should 
keep  the  P,,(),  in  the  normal  range.  Perhaps  we  should  look 
more  at  oxygen  content  and  delivery  to  the  tissues  and  less 
at  P.jo,  as  the  measurement  to  follow  as  we  manage  pa- 
tients." " 

Figure  7  shows  the  familiar  oxyhemoglobin  dissociation 
curve,  but  with  oxygen  content  rather  than  saturation  on 
the  vertical  axis."  A  widely  used  \ersion  of  this  curve  has 
oxygen  saturation  on  the  left  vertical  axis  and  content  on 
the  right,  with  a  saturation  of  I007r  corresponding  to  an 
oxygen  content  of  20  inL/dL  of  blood  (same  curve,  dif- 
ferent measures  of  the  adequacy  of  oxygenation).  But  that 
is  only  the  ease  when  the  hemoglobin  concentration  is 
normal  at  15  gni/dL.  If  the  patient's  hemoglobin  concen- 
tration is  only  10  gm/dL.  then  the  best  oxygen  content 
you  can  get.  even  with  lOiVi  saturation,  is  only  tv\o  thirds 
as  much.  Similarly,  for  a  hemoglobin  concentration  of 
5  gm/dL,  oxygen  content  would  remain  profoundly  re- 
duced despite  a  normal  or  even  markedly  elevated  P_,o,- 
Clinicians  have  know  n  this  for  a  long  time,  but  sometimes 
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Fig.  7.  The  oxyhemoglobin  curve  for  arterial  blood,  drawn  with 
blood  oxygen  content  (CaO,)  rather  than  saturation  on  the  vertical 
axis,  for  hemoglobin  concentrations  of  5.  10,  and  15  gm/dL.  An 
arterial  partial  pressure  of  oxygen  (P,io,)  exceeding  about  80  mm 
Hg  results  in  a  saturation  approaching  100%,  but  the  content  of 
oxygen  in  the  blood  will  remain  reduced  at  hemoglobin  levels 
below  normal.  Raising  hemoglobin  concentration  from  10  to  15 
gm/dL  will  increase  CaO,  substantially  more  than  raising  P^o^  from 
50  to  80  mm  Hg.  (From  Reference  32,  with  permission.) 


we  dont  apph  ii  at  the  bedside  as  we  should.  We  are 
going  to  need  to  pay  mueh  more  attention  to  the  other 
components  of  o\\gen  dehvery  to  the  tissues — hemoglo- 
bin le\el  and  cardiac  output — in  managing  severely  hy- 
poxic ARDS  patients. 

I  beheve  that  in  the  coming  years  there  will  be  less 
focus  on  increasing  P,,,,  as  a  primary  management  goal. 
That  is.  we  will  use  "permissive  hypoxemia"  just  as  we 
now  use  permissi\e  hypercapnia  in  order  to  avoid  com- 
plications of  mechanical  ventilation.  You  may  remember 
that  when  permissive  hypercapnia  was  first  introduced  into 
clinical  practice,  we  were  all  prettv  nervcuis  about  allow- 
ing Paco,  to  get  up  to  50  mm  Hg  and  ailerial  pH  to  get 
down  to  7.30.  Reluctant  to  subject  our  patients  to  acidemia 
when  we  had  the  means  to  avoid  it.  we  did  not  let  P.,,-,) 
rise  above  a  certain  level  and  we  used  bicarbonate  infu- 
sions to  keep  the  pH  in  a  range  where  we  were  comfort- 
able. Now.  we  manage  ARD.S  patients  with  P,co  '"  'he 
60s  and  70s  and  even  80s  without  blinking,  and  we  don't 
correct  the  pH  when  it  gets  down  to  7.25  or  even  7.20  if 
the  patient  is  hemodynamicallv  stable.  The  patients  have 
not  changed,  but  our  approach  to  managing  them  has. 

I  think  a  similar  transition  needs  to  happen  with  respect 
to  target  P,,, .  One  of  the  things  that's  going  to  drive  it  is 
the  fact  that  the  measures  we  take  to  prevent  and  correct 
hypoxemia  tend  to  cost  us  more  than  we  may  be  able  to 
afford.  Here  I  don't  mean  just  dollar  expense,  but  also 
expense  in  terms  of  physiologic  impact  on  the  patient, 
pariicularlv  with  the  use  of  high  le\els  of  PEEP.  I  men- 
tioned that  I  am  not  certain  that  I've  ever  seen  oxygen 


toMcil)  as  a  clmical  entity  in  the  KTl,  but  I  sec  the  adverse 
effects  of  PEEP  nearly  every  day — overt  barotrauma  from 
regional  lung  o\er-distenlion.  and  more  invasive  fluiil  sup- 
port and  monitoring  lo  deal  with  the  hemodynamic  impact 
of  raised  intrathoracic  pressure. 

The  future  of  mechanical  ventilation  for  acute  hypox- 
emic respiratory  failure  is  lung-protective  ventilation  and 
the  resulting  permissive  hypercapnia.  I  think  the  future 
will  also  he  permissive  hypoxemia,  as  we  locus  less  on 
ne\^  \entilation  modes  and  other  manipulations  to  raise 
P.,(,,  and  more  on  adequate  tissue  oxygenation,  on  the 
prevention  of  complications,  and  on  good  general  patient 
care.  The  "age  of  exploration"  in  mechanical  ventilation  is 
coming  to  an  end.  both  because  funding  it  has  become 
pioliibitive  in  bt)th  monetary  cost  and  impact  on  the  pa- 
tient and  because  aceumulaling  e\  idence  suggests  that  we 
have  been  headed  in  the  wrong  direction. 

Mana^in^  Acute-On-Chronic  \'entilatory  Failure 

The  management  of  acute-on-chronic  ventilatory  failure 
in  acute  exacerbations  of  chronic  obstructive  pulmonary 
disease  fCOPD)  is  another  area  that  has  evolved  substan- 
tially and  will  continue  to  do  so.  The  avoidance  of  endo- 
tracheal intubation  will  continue  to  emerge  as  a  primary 
management  goal,  w  ith  more  widespread  and  effective  use 
of  noninvasive  positive  pressure  ventilation  (.NPPV)  serv- 
ing as  the  means  for  achieving  this  goal.  There  are  already 
NPPV  clinical  practice  guidelines  and  consensus  state- 
ments.'" ''  and  these  are  based  on  the  highest  level  of 
clinical  evidence:  multiple  randomized  controlled  trials 
with  consistent  findings.'^  However,  mv  jusiilleation  for 
including  this  subject  in  a  discussion  of  the  future  of  re- 
spiratory care  is  my  impression  that  NPPV  is  still  ini- 
known,  unused,  and/or  poorly  practiced  among  many  cli- 
nicians on  the  front  lines  of  caring  tor  COPD  patients. 

It  is  one  thing  to  acknowledge  that  NPPV  should  be 
used  111  patients  with  acute-on-chronic  ventilatory  failure, 
but  it  is  something  else  to  carry  it  out  effectively  in  the 
emergency  department  and  ICU.  Successful  application  of 
NPPV  in  the  acute  care  setting  requires  both  special  knowl- 
edge and  hands-on  expertise,  which  do  niit  come  easily,  1 
have  seen  this  at  my  own  institution,  despite  the  presence 
of  an  excellent  staff  and  several  years  of  extensive  educa- 
tion and  training  efforts. 

In  the  future  there  will  probably  be  more  specialized 
areas  of  expertise,  such  as  special  respiratory  units  for 
managing  patients  with  severe  COPI).  This  has  been  the 
European  model  for  manv  \ears.  but  in  most  areas  of 
.America  it  has  been  traditional  for  all  critically  ill  patients 
to  be  managed  in  the  same  units.  It  may  be  that,  at  least 
with  respect  to  obstructive  lung  disease,  we  w ill  see  more 
of  these  focused  care  units. 
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Fig.  8.  Relationship  between  the  technical  capability  of  monitoring 
something  and  the  clinical  usefulness  of  the  assessment.  Monitors 
in  the  upper  left-hand  box  are  desirable,  as  would  be  those  in  the 
upper  right-hand  box  that  could  be  moved  to  the  left.  Procedures 
or  devices  in  the  lower  left-hand  box  add  risk,  discomfort,  effort,  or 
expense  without  really  providing  additional  scientific  or  clinical 
benefit.  Unfortunately,  if  the  future  continues  certain  trends  of  the 
past,  additional  monitors  not  presently  available  may  be  added  to 
the  lower  left-hand  box  from  its  counterpart  on  the  right.  (Repro- 
duced with  permission  from  Pierson  DJ.  Conference  summary: 
pulmonary  function  testing:  what,  how,  when,  and  why?  Respir 
Care  1989;34(7):661-669.) 


In  managing  COPD  patients  with  NPPV,  as  in  the  care 
of  patients  with  other  conditions,  both  acute  and  chronic, 
we  are  going  to  see  increasing  use  of  protocols.  Intubation, 
initial  ventilator  settings,  ventilator  adjustments,  weaning, 
and  e.xtubation  will  all  be  guided  by  protocols,  as  I  will 
discuss  further  below. 

Monitoring  the  Critically  III  Patient 

I  would  like  to  address  monitoring  in  the  ICU.  as  this  is 
a  subject  that  will — and  should — change  in  the  future. 
There  is  a  clear  need  to  do  a  better  job  of  monitoring  the 
right  things  while  monitoring  fewer  of  the  wrong  things. 
Examples  of  the  right  things  to  monitor  include  Vj  cor- 
rected for  circuit  compression  (something  that  is  not  even 
thought  about  at  some  institutions)  and  airway  pressure 
measured  at  the  distal  end  of  the  endotracheal  tube  rather 
than  back  in  the  ventilator  circuit  (where  the  effects  of 
resistance  in  the  system  cause  confusion).  As  I  mentioned 
previously,  we  should  monitor end-inspiratory  plateau  pres- 
sure rather  than  peak  airway  pressure  to  assess  compliance 
and  the  risk  of  lung  injury.  We  need  to  be  capable  of 
monitoring  what  the  clinician  really  needs  to  know  rather 
than  what  is  more  convenient  to  monitor  (Fig.  8).-'" 

The  list  of  things  that  should  be  monitored  should  also 
include  actual  lung  volumes,  such  as  changes  in  functional 
residual  capacity  in  response  to  changes  in  PEEP  or  other 
interventions,  and  the  direct  monitoring  of  intrinsic  and 
total  PEEP,  rather  than  just  the  level  set  by  the  clinician.  It 
would  be  very  useful  to  have  accurate,  clinically  relevant 
moniloring  of  the  work  of  breathing,  and  |iailiculaiiy  id  ix- 


able  to  sep;irate  the  work  the  \entilalor  is  doing  from  v\ hat  the 
patient  is  experiencing.  I  realize  that  there  are  systems  out 
there  that  attempt  to  do  part  of  this,  but  I  would  like  lo  see  a 
more  direct  measure  of  work  rather  than  mea.sures  related  to 
work  in  some  way.  Being  able  to  directly  inonitor  airway 
resistance  in  a.sthma  patients  would  be  veiy  helpful. 

We  need  not  only  to  monitor  the  relevant  changes  in  the 
patient  but  also  to  be  able  to  do  a  better  job  of  excluding 
artifact.  As  an  example,  consider  airway  pressures  and 
oxyhemoglobin  saturation.  Peak  airway  pressure  and  end- 
inspiratory  plateau  pressure  change  when  the  patient  coughs 
or  rolls  around  in  bed.  and  we  need  to  be  able  to  separate 
those  changes  from  what  happens  as  a  result  of  a  trend  in 
the  patient's  condition,  such  as  the  development  of  pul- 
monary edema  or  bronchospasm.  Artifactual  and  clinically 
irrelevant  readings  are  major  problems  in  oxyhemoglobin 
saturation,  both  with  pulse  oximetry  and  in  mixed  venous 
saturation  monitoring  via  pulmonary  artery  catheter.  In 
this  and  other  areas,  there  is  already  considerable  work 
being  done  to  develop  bedside  monitors  that  will  do  a 
better  job  of  filtering  out  extraneous  and  artifactual  data 
and  of  giving  us  information  we  really  need  to  see. 

In  the  not-too-distant  future,  I  believe  we  will  succeed 
in  making  the  connection  between  monitoring  and  man- 
agement.'" That  is,  there's  a  lot  of  talk  about  closed  loop 
ventilation,  wherein  the  measurements  made  by  the  mon- 
itors automatically  adjust  the  ventilator,  such  as  with  au- 
tomatic titration  of  F,q^  in  response  to  pulse  oximetry  read- 
ings or  continuous  Pao,  measurements. 

I  believe  there  will  also  be — and  should  be — a  trend 
toward  monitoring  more  but  displa>ing  less.  It  would  be 
very  much  like  what  has  happened  on  the  dashboards  of 
cars.  We  no  longer  ha\e  gauges  showing  oil  pressure. 
radiator  temperature,  or  the  amperage  in  the  system.  In- 
stead, we  know  that  those  things  are  being  monitored,  and 
that  if  they  get  outside  of  accepted  tolerances  the  system 
will  let  us  know  about  it,  but  we  don't  ha\e  to  be  looking 
at  the  gauges  all  the  time.  I  believe  that  something  analogous 
to  this  is  going  to  happen  in  ICl'  mi>nitoring.  There  is  a  limit 
to  how  much  information  the  human  mind  can  keep  track  of 
We  need  to  have  the  capabilitv  to  retrieve  recent  data  when 
something  does  go  wrong,  but  it  will  he  the  system  that  is 
monitored  rather  than  its  many  components,  at  least  trom  the 
standpoint  of  the  clinician  at  the  bedside. 

Respiratory  Care:  I'he  Profession 

Definition  and  Characteristics 

Now  I  would  like  to  turn  to  respiratory  care  in  the 
second  context — respiratory  care  as  a  profession.  Fhe 
.American  ,'\ssociatit)n  for  Respiratorv  Care  (A.ARC)  has 
defined  this  as  "an  allied  health  specialty,  practiced  with 
medical  dircclioii.  in  the  ircaimeiit.  nianagemeiil.  control. 
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diagnostic  evaluation,  aiKl  caiv  ot  |ialK-iUs  uith  ddicicii- 
cies  and  abnormalities  of  the  cardiopulmonary  system."'" 
This  profession  exists  primarily  in  the  United  Stales.  There 
are  now  some  dozen  countries  outside  the  United  States 
and  Canada  with  fledgling  respiratory  care  professions 
modeled  on  the  United  States  system,  hut  predominantly 
this  is  still  an  American  phenomenon. 

An  allied  health  profession  separate  from  nursing,  phys- 
ical therap\,  and  clinical  engineering  was  created  in  the 
United  States  a  half  century  ago  by  a  group  of  ph\sicians 
and  others  who  recognized  the  need  for  specialized  exper- 
tise on  respiratory  disorders  and  the  iechnolog\  that  was 
emerging  to  deal  w  ith  them. 

According  to  a  recent  survey  commissioned  by  the 
A  ARC,  the  respiratory  care  workforce  here  is  about  1 1 0.OOO 
strong.^'  SeventN  thousand  of  these  professionals  say  thai 
they  are  clinicians  called  respiratory  therapists  (RTs).  We 
no  longer  have  "respiratory  techs"  in  this  country:  all  peo- 
ple in  the  field  are  called  RTs,  and  their  credentials  are 
either  RRT  (registered  RT)  or  CRT  (certified  RT).  The 
CRTT  (certified  respiratory  therapy  technician)  credential 
has  been  superseded,  as  have  I -year  training  programs  for 
entry  into  the  profession.  Now  the  educational  standard  is 
a  2-year  training  program,  the  product  of  which  is  the 
equivalent  of  an  associate  degree,  and  there  are  increasing 
numbers  of  baccalaureate  and  even  graduate  degree  pro- 
grams. In  the  last  decade,  along  with  this  evolution  of 
education  and  job  designation,  has  come  licensure,  or  at 
least  official  legal  credentialing,  of  RTs  in  order  to  prac- 
tice in  nearly  all  50  of  the  United  States. 

Hi.story 

The  history  of  the  respiratory  care  profession  is  analo- 
gous to  the  history  of  pulmonary  medicine  and  critical 
care:  before  about  1970  low-tech  empiricism  and  indi\id- 
ual  ingenuity  drove  things.  The  ventilators  were  relatively 
simple,  as  I  have  mentioned,  and  there  was  little  monitor- 
ing. ABC  measurement  was  not  yet  in  w  idespread  clinical 
use.  There  were  oxygen  tents,  and  nearly  everyone  admit- 
ted to  the  hospital  got  intermittent  positive-pressure  breath- 
ing treatments.  The  respiratorv  therapy  department  was  in 
the  basement. 

In  the  1970s  and  into  the  early-  and  mid-1980s  there 
was  an  explosion  in  respiratory  care,  just  as  there  was  in 
much  of  the  rest  of  medicine.  What  had  originallv  been 
known  as  inhalation  therapy  became  respiratory  therapv 
and  finally,  in  1986.  was  officially  named  respiratory  care. 
It  was  a  period  of  enormous  technologic  and  economic 
growth.  ICUs  appeared,  proliferated,  and  expanded,  along 
with  new  ventilators,  new  modes,  and  new  monitors.  Hos- 
pital respiratory  therapy  departments  became  enormously 
profitable,  and  were  no  longer  in  the  basement,  literally  or 
figuratively.  Instead,  they  held  a  prominent  posjticni  in  the 


hospit.il  because  they  were  major  revenue  generators.  Home 
oxygen  therapy  also  burgeoned  as  both  a  clinical  modality 
and  a  tremendous  growth  industry,  as  some  half  million 
Americans  had  oxygen  systems  installed  in  their  homes. 

Then  came  the  1990s,  with  continuing  technical  refine- 
ments but  at  a  lime  of  increasing  cost  constraint  and  re- 
organization. Ventilators  became  more  technically  sophis- 
ticated (microprocessor-controlled,  with  various 
combinations  of  the  basic  modes),  but  few  all-new  ap- 
proaches were  introduced.  Hospital  reimbursement  shrank 
in  the  face  of  prospective  payment,  and  respiratory  care 
departments  came  to  be  thought  of  not  so  much  as  revenue 
generators  but  as  cost  centers,  now  an  increasing  burden 
on  the  institution.  As  a  result,  downsizing  and  reorganiza- 
tion affected  a  majority  of  the  respiratory  care  departments 
in  the  country,  and  some  were  eliminated  altogether. 

Well,  of  course,  the  patients  weren't  eliminated  when 
this  happened.  They  and  their  needs  were  still  there,  and 
when  the  respiratory  care  department's  central  organiza- 
tion, skills,  and  expertise  were  dispersed  throughout  the 
hospital,  it  is  not  surprising  that  patient  care  and  satisfac- 
tion deteriorated.  Many  of  the  hospitals  that  underwent 
these  organizational  changes  during  the  1990s  have  now 
taken  steps  to  restore  the  previous  structure  and  reassem- 
ble their  departments. 

At  the  same  time  that  staffing  was  being  cut  back,  with 
overall  decreases  in  the  quality  and  quantity  of  respiratory 
care  available  to  patients  in  American  hospitals,  there  was 
an  enormous  push  to  decrease  length  of  stay  and  di.scharge 
patients  earlier  in  order  to  reduce  costs  under  prospective 
payment.  This  meant  that  patients  were  sent  home  from 
acute  hospitalization  earlier  and  sicker  than  before,  a  phe- 
nomenon with  important  implications  for  other  parts  of  the 
respiratory  care  profession,  as  I  will  discuss  further  in  a 
nionient. 

Evidence  of  the  Effectiveness  of  Respiratory 
Therapists  and  Respiratory  Care  Protocols 

As  I  implied  earlier,  assessment  and  management  by 
protocol  is  where  both  respiratory  care  the  profession  and 
respiratory  care  the  subject  area  are  going.  It  has  been 
shown  that  the  u.se  of  protocols  can  decrease  misallocation 
of  respiratory  care  services,  resulting  in  less  expensive 
management.  Rather  than  taking  decision-making  out  of 
the  hands  oi'  the  doctors.  protiKols  allow  better  utilization  of 
the  skills  and  time  of  both  the  physicians  and  the  therapists. 

There  have  now  been  3  randomized  controlled  trials  of 
ventilator  weaning  by  RTs  according  to  protocol. ■*--•"  A 
detailed  review  of  these  studies  is  beyond  the  scope  of  this 
article,  hut  they  involved  large  numbers  of  patients  and  all 
showed  a  shortened  duration  of  mechanical  ventilation 
without  apparent  deleterious  effects.  All  the  studies  sug- 
iicst  that  monev  can  be  saved  when  weanins:  is  conducted 
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by  way  of  treatment  protocol  driven  by  the  clinicians  who 
are  at  the  bedside  rather  than  having  the  doctor  make  all 
the  individual  decisions. 

The  eft'ectiveness  of  RTs  as  consultants  has  also  been 
reported  in  randomized  controlled  trials.^"^  ■"'  These  studies 
show  that  use  of  protocols  significantly  decreases  the  num- 
ber of  patients  receiving  therapies  that  are  not  indicated 
and  decreases  the  number  who  need  therapies  but  do  not 
get  them. 

A  recent  comprehensive  review  by  Stollcr  summarizes 
the  published  documentation  of  the  effectiveness  of  RTs.-»7 
This  review  uses  the  United  States  Preventive  Services 
task  force  scheme  for  grading  evidence  of  the  effective- 
ness of  therapies-**  to  assess  protocol-driven  intubation, 
weaning,  allocation  of  ABG  measurement,  placement  of 
arterial  lines,  and  performance  of  mini-bronchoalveolar 
lavage  without  bronchoscopy.  Although  the  strength  of  the 
evidence  varies,  there  is  now  considerable  documentation 
of  the  value  of  RTs  in  the  ICU  setting. 

Similarly,  outside  the  ICU.  the  effectiveness  of  RTs  in 
generating  appropriate  overall  care  plans,  using  protocols, 
has  been  shown  at  the  highest  evidence  rating,  with  ran- 
domized controlled  trials.  Evidence  in  support  of  bronchial 
hygiene  and  oxygen  titration  protocols  is  close  behind. 

In  ambulatory  care,  the  strength  of  the  evidence  is  not 
quite  so  good,  but  there  is  increasing  documentation  of 
clinical  studies  and  institutional  experience.  Within  the 
constraints  of  their  study  designs,  these  reports  support  the 
statement  that  the  use  of  RTs  in  these  settings,  typically 
using  protocols,  improves  care  and  is  less  expensive.-*^ 

Respiratory  Therapists  and  End-of-Life  Care 

End-of-life  care  is  another  area  that  I  think  will  see 
increasing  attention  in  the  realm  of  respiratory  care  in  the 
coming  years,  RTs  have  been  intimately  inviilved  with  this 
topic  for  a  long  time,  although  they  may  not  have  ac- 
knowledged or  realized  it.  After  all.  when  life  support  is  to 
be  withdrawn,  it  is  usually  the  RT  who  has  to  come  to  the 
bedside  to  actually  carry  out  the  plan.  In  the  ICU  and  acute 
care  hospital,  but  also  outside,  in  rehabilitation  and  in 
home  care.  1  believe  that  RTs  will  become  increasingly 
involved  in  palliative  care.  The  recent  Rispiratory  Care 
Journal  conference  on  palliative  respiratory  care"*"  brought 
together  internationally  recognized  experts  and  reviewed 
the  subject  in  detail. 

With  respect  to  withholding  and  withdrawing  maximal 
supportive  intervention.  1  believe  the  luluie  will  bring  more 
pre-ICU  decision-making  and  earlier,  more  effective  com- 
munication with  patients  and  families  about  the  interven- 
tions that  may  be  undertaken  in  the  ICU.  considered  in  the 
context  of  the  probable  outcomes  of  those  interventions. 
There  is  likelv  to  be  earlier  determination  of  whether  max- 


imal supportive  inlervcntion  is  going  to  he  continued,  and 
this  will  be  standardized  and  guided  by  protocols. 

End-of-life  and  palliative  care  is  an  important  compo- 
nent of  what  we  do  in  critical  care.  We  know  that  the 
majority  of  Americans  who  die  in  the  ICU  have  life  sup- 
port withdrawn,  rather  than  dying  in  spile  of  everything 
that  we  do.  1  believe  we  will  see  an  increasing  use  of 
protocols  for  withdrawal  of  life  support  and  protocols  for 
assessing  and  managing  patient  distress  while  that  is  car- 
ried out.  Such  protocols  are  already  in  place  in  the  insti- 
lulion  in  which  I  work. 

Respiratory  Therapists  and  Smoking  Cessation 

Smoking  cessation  and  COPD  prevention  are  another 
very  important  area  of  both  respiratory  care  the  subject 
area  and  respiratory  care  the  profession.  The  United  States 
Public  Health  Service  recently  issued  an  outstanding  clin- 
ical practice  guideline  that  is  authoritative,  practical,  and 
covers  all  aspects  of  smoking  intervention  and  smoking 
cessation.  It  is  available  at  http://www.surgeongeneral.gov/ 
tobacco/tobaqrg.htm  and  has  also  been  published  in  Re- 
spiratory Care.*^"  The  National  Lung  Health  Education 
Project  has  also  recently  called  for  the  widespread  screen- 
ing of  smokers  by  primary  care  providers  in  their  offices  in 
order  to  detect  COPD."  Training  these  providers  in  the 
technique  and  interpretation  of  spirometry  and  in  other 
areas  pertaining  to  the  control  of  smoking  will  heavily 
involve  RTs. 

In  the  future  there  will  be  increased  and  more  effective 
efforts  to  gel  people  to  stop  smoking.  I  believe  we  are 
actually  going  to  make  headway  here.  The  war  against 
smoking  will  have  claimed  more  ,\merican  lives  than  all 
of  our  military  wars  put  together,  but  1  believe  that  we  will 
finally  see  that  tide  turn  and  that  RTs  are  going  to  play  a 
major  role  as  that  occurs. '^- 

Respiratory  Therapists  and  Home  Care 

As  our  population  ages,  the  prevalence  of  chronic  health 
problems  affecting  the  respiratory  system  will  continue  to 
increase.  I  mentioned  earlier  that  increasing  pressure  to 
reduce  costs  in  the  hospital  has  led  to  earlier  discharge  of 
patients  and  greater  severity  of  acute  illness  at  the  time  of 
discharge.  This  places  an  increasing  burden  on  those  who 
care  for  patients  outside  the  acute-care  hospital.  Manage- 
ment may  take  place  in  long-term  acute-care  facilities, 
rehabilitation  centers,  skilled  nursing  facilities,  or  group 
homes,  but  most  t)ften  it  shifts  to  the  patient's  own  home. 

As  older  patients  with  more  complex  and  severe  illness 
are  managed  at  home,  there  will  be  increased  involvement 
of  RTs  and  other  nonphysician  caregivers  in  the  home.  If 
this  does  happen  it  will  probably  reduce  hospitalization 
and  save  moncv.  However,  for  such  a  future  to  occur  there 
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will  h;i\e  lo  he  ;ippr(iprjali.'  rcMsioii  ol  c\isliiii!  rciiiihursc- 
iiK'iii  |H)ln.iL-s.  wlikh  so  far  have  not  acknowledged  ihe 
need  111!  and  coiilnhLitions  of  RTs.  In  predicting:  this  in- 
creasing depioMnent  and  eHecti\eness  ot'  RTs  as  physi- 
cian extenders  in  the  home  setting,  I  ha\e  my  fingers 
crossed  because  of  the  economic  and  political  hurdles  to 
he  overcome.  However,  it  definiteK  sluniUI  happen  it  the 
hest  care  is  \o  he  alTonlcil  our  paiieiiis. 

Re.spik\1(»k^  Cark:  The  Journal 

Finally  I  come  lo  the  third  use  of  the  term  respiratory 
care,  which  is  the  name  of  the  journal  Ri  spir atori  Cari;. 
Early  in  its  47-year  history  it  was  called  Inhalation  Ther- 
apy and  it  was  small  in  size,  scope,  and  frequency,  puh- 
lished  only  every  other  month.  Now  nionthlv  and  dilferent 
in  many  other  ways.  Respiratory  Cark  is  the  peer-re- 
viewed science  journal  of  the  AARC.  It  covers  all  aspects 
of  respirator)  care  the  subject  area  and  the  profession  and 
was  accepted  for  prospective  inclusion  in  Index  Medicus 
and  MEDLINE  as  of  the  year  2000.  Also,  since  an  older 
database  was  assimilated  into  MEDLINE,  you  can  also 
now  retrieve  via  MEDLINE  a  substantial  number  of  ear- 
lier studies  published  in  Respirator')-  Care.  The  Journal 
has  the  largest  monthly  circulation  of  any  peer-reviewed 
respiratory  journal,  and  goes  not  only  to  the  members  of 
the  AARC  but  also  to  individual  subscribers,  hospitals, 
and  libraries.  Its  traditional  RT  readership  is  steadily  ex- 
panding to  include  increasing  numbers  of  physicians, 
nurses,  and  others  involved  in  respiratory  care  the  subject 
area.  I  believe  that  this  will  continue  to  increase,  as  will 
the  numbers  of  high-quality  manuscripts  submitted  for  pos- 
sible publication. 

Conclusions 

I  said  at  the  beginning  that  I  would  undertake  the  po- 
tentially foolish  task  of  making  10  specific  predictions 
about  the  future  of  respiratory  care.  I  ha\  e  mentioned  each 
during  the  preceding  discussion,  but  here  they  are  in  a  list: 

1 .  There  will  be  less  focus  on  raising  F^q,  as  a  primary 
goal  in  managing  acute  hypoxemic  respiratory  failure. 

2.  More  attention  will  be  paid  to  the  adequacy  of  tissue 
oxygenation,  irrespective  of  P^q,.  With  this  "permissive 
hypoxemia."  clinicians  will  tolerate  lower  P_,y,  and  oxy- 
hemoglobin saturation  levels  than  they  have  previously. 

3.  We  will  have  smarter  monitors,  with  direct  input  into 
ventilators  and  other  devices,  hut  these  monitors  mav  not  be 
indicating  to  us  in  real  time  everything  that  they  ;ire  doing. 

4.  There  will  he  more  noninvasive  ventilatory  assis- 
tance and  other  focused  interventions  in  acute  exacerba- 
tions of  CORD.  .Although  this  is  the  accepted  standard  of 
care  already,  it  is  not  yet  practiced  widely  enough  or  skill- 
fully enousrh. 


.S.  There  will  he  mure  l(  LJ  triage  and  earlier  determi- 
nation of  the  appropriateness  of  maximal  supportive  inter- 
vention in  the  ICL\  along  with  greater  standardization  of 
end-of-lile  care  in  that  environment. 

6.  We  will  see  the  expanded  use  of  protocols  for  as- 
sessment and  management  in  all  clinical  settings  pertain- 
ing to  respiratory  care.  Although  1  have  listed  this  one 
sixth.  11  sIkhiKI  perhaps  be  number  one,  as  the  future  of 
respiratorv  care  in  all  ?<  of  its  meanings  lies  with  protocols. 

7.  There  will  he  increased  awiireness  of,  expertise  in,  and 
resources  for  palliative  care  in  all  clinical  settings.  Respira- 
tory care  will  be  at  the  forefront  as  these  increa.ses  take  place. 

8.  There  will  he  accelerating  progress  in  smoking  cessa- 
tion and  in  the  prevention  and  early  amelioration  of  COPD. 

9.  RTs  will  assume  a  greater  role  as  coordinators  and 
care  givers  in  home  care. 

10.  Respiratory  Care  journal  will  continue  in  its  role  as 
science  Journal  for  the  subject  area  and  the  profession,  as 
the  events  forecasted  above  and  its  availability  in  Index 
Medicus  stimulate  increasing  numbers  and  quality  of  sub- 
mitted manuscripts. 

.•\ttenipting  to  predict  the  future  is  almost  always  doomed 
to  at  least  partial  failure,  but  the  preceding  exercise  will 
have  been  worthwhile  if  it  has  stimulated  your  thought  and 
placed  past  developments  into  a  context  from  which  tuture 
developinents  can  be  understood  and  evaluated — however 
accurately  they  may  correspond  to  mv  predictions. 
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rriiKipk'.soll'li\.siolo^\.  Vd  edition.  Rob- 
en  M  Berne  Ml)  DSc  and  Matthew  N  Levy 
.VID.  ,Sl  l.ouis:  Mosby.  2(XX1.  Sott-cover. 
illustrated.  680  pages.  $.^4. 

I  was  especially  interested  in  reviewing 
this  bixik,  as  I  ha\e  used  Berne  and  Levy's 
Circulatory  Ph\swloi>\  as  a  reference  book 
for  my  cordioNaseular  physiology  course  for 
several  years. 

Principles  of  Physiology  is  di\  ided  into 
8  sections.  co\  cring  cell  physiology,  the  ner- 
vous system,  muscle,  the  cardiovascular  sys- 
tem, the  respiratory  s\  stem,  the  gastrointes- 
tinal system,  the  renal  system,  and  the 
endocrine  system.  The  order  of  these  sec- 
tions is  particularh'  appropriate,  as  the  first 
3  (cell  ph\  siology .  ner\ dus  system,  and  mus- 
cle) address  subjects  that  impact  all  the  Ibl- 
lowing  sections.  Thus,  the  reader  learns  the 
basis  of  muscular  contraction  before  visit- 
ing a  section  in  which  muscle  contraction 
plays  an  important  part.  Kach  section  con- 
tains the  requisite  number  of  chapters  to 
thoroughly  cover  that  topic.  Each  chapter 
begins  with  a  set  of  objectives,  so  the  reader 
leams  what  the  authors  intend  him  to  leam 
as  he  progresses  through  each  chapter  and 
knows  at  the  beginning  what  the  authors 
consider  the  most  important  concepts.  New 
words  are  boldfaced  and  important  concepts 
are  set  off  in  smaller  capital  letters.  There 
are  many  colored  boxes  that  provide  more 
patient-specific  infomiation  about  general 
concepts  that  the  text  has  just  described.  At 
the  end  of  each  chapter  there  are  one  or 
more  case  studies,  with  the  answers  pro- 
vided at  the  back  of  the  book.  There  is  also 
a  bibliography  should  the  reader  desire  more 
infonnation  on  a  gi\  en  topic.  This  paragraph 
actually  sounds  like  the  preface  to  this  edi- 
tion, wherein  the  authors  describe  the  book's 
organization,  making  it  the  part  of  the  book 
w  ith  which  the  reader  should  begin  in  order 
to  obtain  maximum  benefit  from  reading  it. 
.An  interesting  (and  I  am  sure  useful  for 
ihcml  technique  that  Berne  and  Le\y  used 
in  producing  this  b(K)k  was  obtaining  input 
from  a  panel  of  reviewers.  As  one  would 
expect,  3  of  the  reviewers  are  faculty  who 
teach  physiology.  However,  as  the  vast  ma- 
jority of  the  audience  for  this  text  is  com- 


posed of  students,  it  makes  great  sense  that 
the  other  3  reviewers  were  medical  students. 
One  item  that  the  publishers  seem  to  have 
gotten  right  (to  my  eye,  at  least)  is  the  olten 
troublesome  printing  of  radiographs.  In  this 
b(X)k  the  reproductions  are  clear  and  the 
findings  are  readily  discernible.  Though  a 
book  of  680  pages  is  at  first  glance  a  ilaunl- 
ing  tome,  it  is  highly  unlikely  that  anyone 
would  read  this  book  from  cover  to  cover. 
One  would  instead  choose  the  sections  that 
applied  to  the  particular  area  of  physiology 
in  which  one  was  interested.  For  instance, 
this  book  could  easily  serve  as  a  text  for 
both  cardiovascular  and  respiratory  physi- 
ology courses,  reducing  both  the  cost  (an 
increasing  concern)  and  the  mass  of  text- 
books each  student  is  required  to  purchase 
and  use.  Its  global  utility  also  would  make 
it  less  likely  that  the  student  would  quickly 
unload  the  book  at  the  end  of  the  course. 
However,  using  this  as  a  textbook  would 
require  more  work  on  the  pan  of  the  in- 
structor, as  besides  the  obvious  section  on 
the  cardiovascular  system  or  the  respiraloi-> 
system,  he  or  she  would  need  to  pick  the 
appropriate  chapters  from  the  more  generic 
.sections  on  cell  physiology,  the  nervous  sys- 
tem, and  muscle. 

This  review  may  be  starting  to  sound  like 
an  unresened  hymn  of  praise  for  this  book. 
As  with  most  texts,  it  certainly  has  its  warts. 
However,  these  are  more  irritating  than  any- 
thing else  and  do  not  detract  from  the  broad 
usefulness  of  the  authors'  efforts.  The  first 
section  on  cellular  physiology  is  quite  slow 
going,  with  an  abundance  of  complex 
equations.  It's  probably  mostly  more  than 
a  practicing  respiratory  therapist  would 
need.  One  irritant  that  immediately  comes 
to  mind  is  the  frequent  (on  nearly  every 
page)  need  to  go  to  another  page  to  look 
at  a  figure  or  table  mentioned  in  the  text. 
The  reason  for  this,  though,  is  the  abun- 
dance of  tables,  figures,  and  graphs.  Still,  it 
would  be  nice  to  see  these  graphics  on  the 
same  page  as  the  text. 

Another  recurring  problem  is  agreement 
of  subject  and  verb.  Three  examples  will 
illustrate: 

'The  excitability  of  fast — and  slow — re- 
sponse fibers  differ  substantially." 

".  .  .  the  hydrostatic  pressure  in  the 
capillaries  of  the  lower  extremities  are 


higher  and  that  ol  capillaries  in  the  head 
are  lower.  .  . 

and 

". .  .  systemic  increa,ses  in  the  R,(  ,j,  ac- 
tivates the  sympathoadrenal  system. . .  " 

The  references  to  figures  are  sometimes 
confusing:  the  text  mentions  Figure  1 7- 1 A 
and  17-18,  yet  there  is  no  A  or  B  in  Figure 
17-1.  In  another  chapter,  the  text  mentions 
a  black  line  on  a  certain  graph,  but  the  leg- 
end for  the  graph  discusses  (and  the  reader 
can  see)  a  red  line  and  a  blue  line. 

There  are  occasional  confusing  state- 
ments. At  one  p<}int,  they  refer  to  the  ST 
iiilenal.  during  which  the  entire  ventricular 
myocardium  is  depolarized,  but  then  men- 
tion that  the  .ST  segment  normally  lies  on 
the  isoelectric  line.  When  di.scussing  the 
phases  of  the  cardiac  cycle  and  the  events 
that  occur  during  each,  the  authors  insert 
the  following  statement:  ""Dunng  rapid  ven- 
tricular ejection,  left  ventricular  pressure 
slightly  exceeds  aortic  pressure,  and  flow 
accelerates  (continues  to  increase),  whereas 
dunng  reduced  ventricular  ejection,  the  re- 
verse holds  true."  Lest  you  think  you  have 
misread  the  preceding,  the  next  sentence 
goes  on  to  say.  "This  reversal  of  the  ven- 
tricular/aonic  pressure  gradient  in  the  pres- 
ence ol  continued  fiow  of  bUnid  from  the 

ventricle  to  the  aorta "  Of  course,  a  fluid 

flows  down  a  pressure  gradient. 

Another  minor  deficiency  is  the  authors' 
seeming  lack  of  clinical  know  ledge,  as  w  hen 
they  mention  the  patient's  "tracheal  cathe- 
ter [being]  temporarily  disconnected  from 
the  respirator. ..." 

Tliere  is  one  set  of  case  studies,  after 
Chapter  19.  in  which  the  questions  are 
phrased  incorrectly  for  the  first  2  questions, 
which  will  cause  some  head  scratching  about 
what  the  correct  answer  is — until  you  real- 
ize the  misstatement.  The  first  question  is 
phrased,  "What  would  cause  a  reduction  in 
the  patient's  mean  arterial  pressure  during 
the  p;u-oxysmal  tachycardia'.'"  w  ith  the  cor- 
rect answer.  "A  reflex  increase  in  norepi- 
nephrine release  from  tlie  Ciirdiac  sympa- 
thetic ner\'es."  One  quickly  concludes  that 
the  question  should  ha\ c  read  "What  would 
result  from.  . .  '.'" 

Fortunately,  the  types  of  problems  men- 
tioned abo\c  are  few  and  far  between  and 
do  not  detract  from  the  usefulness  of  the 
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book  as  a  reference  text.  For  its  price,  this 
hoolc  could  very  easily  displace  any  number 
of  respiratorv'  and  cardiovascular  physiol- 
ogy textbooks  now  in  use.  It  would  also  be 
an  excellent  addiiion  to  the  practicing  ther- 
apist's librar>  to  pro\  ide  re\  iew  of  concepts 
as  they  came  up  clinicallv 

Robert  K  I  luck  Jr  MS  RRT 

Department  of  Cardiorcspiralor\  Sciences 

College  of  Health  Professions 

State  University  of  New  York 

Upstate  Medical  University 

Syracuse.  New  York 

Pulmonary  Pathophvsiolo};y.  Gerard  J 
Crnicr  Ml)  and  Clilbcn  !■:  IVAlon/o  DO. 
Madison.  Connecticut:  Fence  Creek  Pub- 
lishing. 1999.  Soft-cover,  illustrated.  418 
pages.  $27.9.';. 

Pulmonary  Pathophysiology  is  a  text- 
book designed  as  a  supplemental  board  re- 
view for  second-  and  third-year  medical  stu- 
dents. It  is  one  of  6  in  a  series  of  re\iew 
textbooks  by  Fence  Creek  Publishing,  and 
intR)duces  concepts  of  pathophysiology  in 
the  context  of  clinical  case  studies.  The  text 
is  divided  conceptually  into  .■<  sections.  The 
first  section,  comprising  Chapters  1  through 
3.  outlines  the  growth,  development,  struc- 
ture, and  function  of  nonnal  lungs.  It  estab- 
lishes a  foundation  of  basic  pulmonai7  phys- 
iology upon  which  the  ensuing  sections  are 
based. 

Chapters  4  through  8  compose  the  sec- 
ond section,  which  concentrates  on  pulmo- 
nary pathophysiology,  emphasizing  such 
concepts  as  the  dynamics  of  air  flow  ob- 
struction, the  hemodynamic  principles  of 
pulmonary  hypertension,  the  causes  and  se- 
quelae of  lung  intlammation.  and  the  mech- 
anisms underlying  respiiatoiy  failure  and 
limitations  to  exercise. 

The  third  section,  consisting  of  Chapters 
9  through  1 9.  combines  the  concepts  of  the 
preceding  2  sections  to  focus  on  specific 
lung  diseases,  ranging  from  asthma  to  pleu- 
ral disease. 

This  textbtx)k  is  directed  toward  medical 
students  who  are  transitioning  physically  as 
well  as  mentally  from  the  classroom  to  the 
clinical  arena;  thus,  the  focus  is  appropri- 
ately on  mechanisms  of  disease  rather  than 
on  management  issues.  Nevertheless,  respi- 
ratorv' therapists,  nurses,  and  physicians-in- 
training  may  find  this  textbook  useful.  How- 
e\er.  those  well-\ersed  in  the  contemporarv 
management  of  respiratory  disease  will  find 


the  chapters  covering  specific  lung  diseases 
less  informative.  This  is  because  statements 
of  fad  tend  lo  be  gcnerali/ations  rather  than 
e\  idcnced-based  citations  of  the  current  lit- 
erature. For  example,  the  chapter  discussing 
lung  cancer  generalizes  that  "extent  of  dis- 
ease at  time  of  diagnosis"  is  a  major  prog- 
nosticator  of  survival,  a  description  appli- 
cable to  most  cancers.  Though  factual  K 
correct,  extending  the  emphasis  to  include 
details  of  the  tumor-nodc-metastasis  (pri- 
marv  tumor  size,  nodal  involvement,  and 
presence  of  metastasis)  staging  system  for 
estimating  prognosis  would  lend  strength  to 
the  statement.  Furthermore,  adding  such  in- 
formation would  broatlen  the  audience  en- 
gaged to  include  residents  and  internists. 

The  authors  provide  a  comprehensive  re- 
view of  pulmonary  diseases,  with  special 
attention  lo  pathophysiology,  which  is  pre- 
sented in  a  manner  both  easy  and  interest- 
ing to  read.  In  fact,  from  the  perspective  of 
a  medical  student,  one  strength  of  this  text- 
book is  its  organization  and  clarity  of  style. 
As  previously  mentioned.  .■*  sections  com- 
pose the  review:  nonnal  pulmonarv'  physi- 
ology, common  pathophysiologic  proces.ses 
observed  in  pulmonary  medicine,  and  spe- 
cific diseases.  Each  chapter  outlines  its  con- 
tents and  details  the  learning  objectives  prior 
to  any  introduction.  A  case  study  is  pre- 
sented early  on  and  developed  throughout 
the  chapter,  as  salient  principles  of  pulmo- 
nar\  pathophysiology  are  presented  and  for- 
tified in  the  context  of  the  cunent  clinical 
process.  This  maintains  the  reader's  interest 
and  brings  clinical  relevance  to  each  topic 
discussed. 

Chapters  ?>  and  S.  covering  nonnal  lung 
function  and  exercise  patterns  in  disease. 
deserve  special  mention  because  they  are 
particularly  well  written.  Chapter  ?i  is  sub- 
divided into  6  sections  and  clearly  and  con- 
ciseK  details  aspects  of  pulmonary  physi- 
ology such  as  diffusion  capacity  and 
ventilation-perfusion  relationships.  Figures 
ami  their  accompan\ing  explanations  illus- 
trate and  reinforce  key  points  from  the  main 
text  quite  effectively. 

Chapter  8  covers  cardiopulmonaiy  exer- 
ci.se  testing  and  is  outstanding  for  several 
reasons.  It  introduces,  in  easih  understand- 
able terms,  fairly  sophisticated  concepts 
such  as  maximal  oxygen  uptake,  anaerobic 
threshold,  and  other  variables  measured  dur- 
ing exercise  testing.  The  authors  again  make 
eflective  use  of  figures,  accompanying  ex- 
planations, and  margin  notes.  In  fad.  the 
reader  can  'jlea^j  the  essence  of  the  chap- 


ter's contents  from  them.  Furthennore.  there 
is  a  logical  progression  toward  each  learn- 
ing objective  from  the  beginning  lo  the  end 
ol  the  chapter.  Indications  for  and  basic  ter- 
minology of  cardiopulmonary  exercise  test- 
ing are  first  presented.  The  authors  next  dis- 
cuss how  the  various  measurements  made 
during  cardiopulmonary  exercise  testing  are 
used  to  interpret  these  studies  and  which 
measures  are  affected  in  different  forms  of 
exercise  limitation.  Finally,  distinct  patterns 
observed  in  obstmctive.  restrictive,  and  pul- 
monary vascular  diseases  are  described  and 
developed  by  the  ?i  clinical  case  studies  pre- 
sented. 

The  text  is  a  paperback  edition  that  is 
lightweight  and  portable.  Its  wide  margins 
encourage  notetaking  as  well  as  highlight 
salient  concepts  covered  in  the  body  of  the 
text.  This  is  a  very  visual  book  and  contains 
numerous  figures  that  are  helpful  in  illus- 
trating the  ideas  presented,  which  is  one  of 
the  rea.sons  Pulmonan  Pathophysiology 
is  so  easy  to  read.  The  index  is  detailed  but 
user-friendly.  The  incidence  of  typographi- 
cal errors  is  low.  but  the  few  that  do  exist 
can  inadvertently  introduce  incorrect  infor- 
mation or  omit  important  information.  One 
example  is  in  the  discussion  of  steroid  treat- 
ment of  PiwwmKyslis  ciiniiii  pneumonia. 
The  text  incorrectly  states  that  a  patient  w  ith 
an  arterial  partial  pressure  of  oxygen  greater 
lluiii  i  rather  than  less  ihan )  70  mm  Hg  should 
receive  steroids.  In  addition,  the  section  on 
parapneumonic  effusions  recommends  in- 
stilling streptokinase  through  a  chest  tube 
for  loculated  pleural  effusions  that  are  sub- 
optimally  draining.  The  problem  is  that  a 
IV pographical  error  omitted  the  word  strep- 
tokinase, and  this  is  onlv  deduced  from  the 
unit  dosages  given. 

The  suggested  readings  ihat  appear  at  the 
end  of  each  chapter  arc  appropriate  tor  med- 
ical students  and  refer  mostly  to  standard 
textbooks  or  rev  lews.  Although  rare  in  fre- 
quency, some  of  the  information  presented 
is  dated.  For  instance,  specific  hvpercoagu- 
lable  states  such  as  lupus  anticoagulant  syn- 
drome and  protein  C  and  S  deficiency  are 
listed  as  risk  factors  for  the  development  of 
deep  venous  thromlxisis  in  the  chapter  on 
pulmon;iry  embolism.  How  ev  er.  more  recent 
discoveries,  such  as  factor  V  Leiden  muta- 
tion, hyperhomtxrysteinemia,  and  the  pro- 
thrombin gene  mutation,  are  not  included  in 
this  list. 

In  conclusion.  Pulmonary  J'athophysi- 
ology  Is  liighlv  recommended  as  a  supple- 
mental board  rev  iew  bonk  lor  second-  and 
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third-year  medical  sludcnls.  Il  is  rtvimi- 
mended  for  rcspiratory  therapists,  nurses,  or 
physieians-in-trainini!  whii  may  also  want  a 
basic  review  o\  piilimm.in  physiolniiy  and 
pathophysiology.  It  is  ellcctivcly  designed 
as  a  study  guide  fmm  its  outlme  format, 
margin  notes,  excellent  illustrations,  and 
end-of-the-chapter  >.|ueslions  Overall,  the 
authors  have  accomplished  iheir  staled  aims 
of  presenting  pulmonary  medicine  with  a 
t'lxus  on  pathophysiiilogy  in  a  manner  thai 
is  lxith  instnictive  and  enjoyable  to  read. 

Janet  S  l-ee  MI) 

Division  of  Pulmonarv  and 

Critical  Care  Medicine 

Seattle  Veterans  Affairs  Meiiical  Center 

University  of  Washington 

Seattle,  Washington 

Pulmonary  Physiolofy.  .>ih  edition.  Mi- 
chael G  Levit/ky  PhD.  New  \ork:  McGraw- 
Hill.  1999.  Soft-co\er.  illustrated.  .^06  pages, 
$29.95. 

Dr  Levitzky  points  out  in  his  prelace  thai 
"this  btxik  is  intended  to  he  an  introductory 
te.xt."  TTiough  it  works  at  that  level,  it  is  also 
reasonably  comprehensive  in  its  approach  to 
the  study  of  pulmonary  ph\  siologv .  Each 
chapter  in  the  book  could  arguahl\  be  a  text 
in  itself,  but  the  content  is  not  glossed  over 
iind  each  topic  is  addressed  in  sufficient  depth 
to  make  this  a  \  aluable  resource.  Each  reader 
has  to  choose  exactly  how  much  detail  he  or 
she  is  looking  for  on  each  spccillc  subiect. 

The  text  is  divided  into  1 1  chapters,  with 
study  questions  and  a  useful  appendix  sum- 
mari/ing  the  basic  tenets  of  pulmonary  phys- 
iology. As  in  most  general  texts.  Chapter  1 
is  devoted  to  the  function  and  structure  of 
the  respiratory  system.  Though  not  in  great 
detail,  the  content  is  accurate  and  well 
planned  out.  The  electron  micrographs  of 
the  lung  parenchyma  provide  a  good  sup- 
plement to  the  drawing  illustrations.  Chap- 
ter 2  thoroughly  describes  the  mechanics  of 
breathing.  ;ind  the  illustrations  are  very  help- 
ful in  guiding  the  reader.  Compliance,  elas- 
tance.  and  airway  resistance  are  covered 
well,  but  additional  depth  in  these  topics 
could  make  this  a  more  flexible  text.  The 
tlow-volume  tracings  are  a  nice  touch  in 
addressing  this  subject. 

Chapter  .1,  concerning  alveolar  ventila- 
tion, covers  specific  lung  volumes  and  adds 
a  little  bit  of  pathology  to  enhance  the  con- 
tent outline.  Tlie  Bohr  equation  and  the  con- 
cept of  physiologic  dead  space  is  handled 
well  for  the  intent  of  the  book.  Blood  How 


to  the  lung  is  outlined  in  Chapter  4.  in  which 
the  author  explains  the  relationship  between 
structure,  function,  and  the  control  of  blcMKl 
supply  within  the  pulmonary  system;  the 
explanation  is  better  than  in  most  introduc- 
tory texts.  It  highlights  the  basic  concepts 
and  ties  in  the  diagnostic  mechanisms  and 
pathology  implications  The  book  also  cov- 
ers pulmonary  edema  better  than  most  basic 
books,  but  it  really  doesn't  lay  an  adequate 
foundation  for  the  discussion  of  mechanical 
ventilation  and  positive  end-expiratory  pres- 
sure. A  beginning  student  may  have  difll- 
culty  tbllowing  those  concepts.  1  would  sug- 
gest a  special  chapter  devoted  to  mechanical 
ventilation  prior  to  the  introduction  of  the 
topic. 

Chapter  .S  deals  with  vcnlilalion-pcrfu- 
sion  relationships.  Tlie  author  has  paid  great 
attention  to  detail  in  this  ptirtion  of  the  book. 
Regional  differences  in  ventilation  and 
perfusion,  as  well  as  the  physiologic  conse- 
quences of  their  mismatching.  ;uc  well  in- 
tegrated. The  diagrams  fully  support  the  text 
and.  indeed,  make  the  content  very  easily 
understood.  The  concept  of  physiologic 
shunt  and  its  calculation  is  also  well  laid  out. 

The  next  topic,  in  Chapter  6.  is  the  dif- 
fusion of  gases.  This  section  covers  the  ba- 
sic concepts  of  the  diffusion  of  oxygen  and 
carbon  dioxide,  and  discusses  measurement 
of  diffusing  capacity.  Included  at  the  end  of 
the  chapter  is  a  list  of  the  conditions  that 
cause  a  decrease  in  diffusing  capacilv.  but 
there  is  no  discussion  of  the  exact  mecha- 
nism that  creates  the  situation.  More  depth 
in  the  pathologic  process  vvouki  be  helpful 
in  this  .subject. 

Next  is  the  topic  of  oxygen  and  carbon 
dioxide  transjxirt  in  the  blood  (Chapter  7). 
This  material  is  easily  understand  and  cov- 
ered in  the  right  amount  of  detail.  The  con- 
tent flows  naturally  and  has  a  sound  basis 
from  the  material  covered  in  prev  ious  chap- 
ters. The  gas  laws  are  easily  understood  and. 
again,  the  diagrams  support  and  enhance 
the  text. 

Chapter  8  is  devoted  to  the  body's  reg- 
ulation of  acid-base  balance,  the  chemistry 
of  which  is  very  clear  and  concise.  Though 
many  of  these  topics  could  be  expanded  on. 
the  basic  information  is  covered  in  suffi- 
cient depth  lor  a  newcomer  to  the  study  of 
pulmonary  physiology.  Likewise,  clinical 
interpretation  of  bUxxJ  gases  is  also  covered 
reasonably  well.  I  especially  liked  the  cov- 
erage of  the  classification  of  the  causes  of 
hvpoxia.  v^hich  is  not  always  covered  in 
other  texts.  Chapter  9  describes  the  various 


mechanisms  that  control  breathing.  Table 
9-1  provides  a  useful  summary  of  the  ma- 
jor R'llex  mechanisms  and  serves  as  a  good 
overall  view  of  the  chapter  content. 

Chapters  10  and  1 1  outline  several  im- 
portant specialized  physiologic  priK'csscs  in 
pulmonary  physiology.  Chapter  10  deals 
with  the  nonrespiratory  functions  of  the  lung, 
such  as  pulmonary  defense  mechanisms, 
temperature  regulation,  air  filtration,  muco- 
ciliary clearance,  and  metabolism.  The  last 
chapter  outlines  how  the  noniial  physiologic 
mechanisms  are  disrupted  or  enhanced  by 
conditions  of  stress.  Specific  subtopics  in- 
clude exercise,  high  altitude,  and  diving  be- 
low sea  level.  I  found  this  chapter  informa- 
tive and  thought  it  a  gixid  wrap-up  for  the 
book.  It  forces  the  reader  to  refer  back  to 
the  previous  chapters  to  better  understand 
the  concepts  of  human  physiology  under 
stress,  though  I  would  have  liked  to  have 
seen  more  on  that  subject.  I  would  also  like 
to  pose  the  thought  that  disease  also  is  a 
fonn  of  stress  and  that  pathology  of  any 
nature  affects  the  normal  body  physiology. 

In  summary.  Dr  Levit/ky  has  written  a 
very  useful  introductorv  text  in  the  study  of 
human  pulmonary  physiology.  The  design 
makes  the  text  easily  readable  and  not  as 
tedious  as  many  scientific  texts.  The  illus- 
trations are  well  thought  out  and  enhance 
the  salient  points.  The  topics  are  well  orga- 
nized and  follow  a  similar  formal  to  other 
texts  on  the  subject.  The  chapter  objectives 
match  the  content  precisely  and  give  the 
reader  many  good  study  guidelines.  I  found 
the  content  accurate  and  error  free.  The  btx)k 
provides  basic  information  in  a  very  un- 
complicated wav'.  I  would  highly  recom- 
mend the  text,  but  caution  readers  that  many 
of  its  topics  need  enhancement  in  order  to 
fully  grasp  the  complexities  of  pulmonary 
physiology. 

Kenneth  L  Axton  .Ir  M.S  RRT 

Respiratory  Care  Program 

State  University  of  New  York 

Stony  Brook.  New  York 

Principles  of  Kxercise  Tesliiii;  and  Inter- 
pretation. liK'hidiiig  Pa(h(iphysi(>lo};y  and 
Clinical  .Applications,  .^rd  edition.  Karlman 
Wassennan  .Ml)  I'lil).  James  K  Hansen  MD. 
Dan^l  ^'  Sue  MD.  Richard  Casaburi  PhD 
MD.  Brian  J  Whipp  PhD  DSc.  Philadel- 
phia: LippincotI  Williams  &  Wilkins.  1999. 
Hard-cover,  illustrated.  55fi  pages,  S6.'i. 

Exercise  intolerance  is  a  common  prob- 
lem for  patients  with  cardiac  and  pulmo- 
nary disease  and  is  often  associated  with 
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impaired  quality  of  lite  and  poor  prognosis. 
Cardio[xilnionan,'  exercise  testing  has  be- 
come an  imponani  loo!  in  the  assessment 
and  nuinagemenl  of  these  patients  and  is 
now  widely  used  in  medical  practice  to  quan- 
tify exercise  limitation  as  well  as  to  assess 
disease  severit)  ami  response  to  tieatment. 
A  full  cardiopulmonary  exercise  test  with 
gas  exchange  measurement  supplies  detai  led 
infomiation  about  exercise  performance  and 
the  interactions  of  cardiac,  pulmonary,  and 
peripheral  muscle  function  during  exercise. 
The  correct  interpretation  of  this  informa- 
tion requires  a  comprehensive  knowledge 
of  nomial  exercise  ph\  siology  as  well  as  an 
understanding  of  the  pathophysiology  of  cer- 
tain medical  conditions  and  how  these  con- 
ditions aiie  likely  to  affect  exercise  perfor- 
mance. 

Principles  of  Exercise  Testing  and  In- 
terpretation is  the  3rd  edition  of  the  text- 
book regarded  by  many  as  the  most  com- 
prehensive text  available  on  interpretation 
and  clinical  applications  of  exercise  testing. 
The  authors  ha\e  a  vast  amount  of  experi- 
ence in  the  application  of  exercise  testing  in 
health  and  disease,  having  published  an  ex- 
tensive amount  of  exercise  physiology  re- 
search from  their  own  laboratories. 

Chapter  1  introduces  the  reader  to  clini- 
cal exercise  testing,  with  a  brief  overview 
of  the  book's  content.  It  is  followed  by  chap- 
ters focusing  on  the  normal  physiology  of 
exerci.se.  the  pathophysiology  of  disorders 
limiting  exercise,  and  the  measurements  col- 
lected during  a  standard  ciu'diopulmonar> 
exercise  test. 

Chapter  2  describes  the  nomial  physio- 
logic and  biochemical  changes  that  occur 
during  exercise,  with  a  detailed  focus  on 
skeletal  muscle  function,  lactic  acid  produc- 
tion, and  the  concept  of  the  anaerobic  thresh- 
old. The  chapter  ends  with  a  discussion  of 
the  normal  interactions  between  the  pulmo- 
nary and  cardiac  systems  during  exercise. 

Chapter  3  describes  the  variables  mea- 
sured during  an  exercise  test  and  explains 
how  these  measurements  can  be  used  to  un- 
derstand the  physiologic  interactions  be- 
tween the  lungs,  heart,  and  skeletal  mus- 
cles. Each  measure  isdealt  with  indi\  idually. 
with  a  clear  definition  followed  by  exam- 
ples of  the  changes  seen  during  normal  ex- 
ercise and  abnormalities  seen  in  certain  dis- 
ease states. 

Chapter  4  discusses  the  pathophysiology 
of  common  medical  conditions  that  limit 
exercise  performance  and  how  these  condi- 


tions affect  the  variables  measured  during  a 
clinical  exercise  test. 

Chapters  .S  and  6  discuss  the  cquipmeiil 
needed  to  periorm  clinical  exercise  testing 
and  the  normal  values  often  used  to  inter- 
pret the  exercise  test.  This  is  a  particularly 
useful  section  of  the  book,  outlining  the 
mechanisms  of  exhaled  gas  analysis  and  car- 
diopulmonary monitoring  as  well  as  instruc- 
tions on  how  to  set  up  and  perform  a  com- 
plete exercise  test.  The  chapter  on  normal 
values  contains  a  list  of  the  authors'  own 
recommendations,  and  references  allowing 
readers  to  choose  their  own  sets  ot  nomial 
values,  if  they  wish. 

The  final  3  chapters  deal  with  the  inter- 
pretation and  clinical  application  of  exer- 
cise testing.  Chapter  7  suggests  a  flow  dia- 
gram for  interpreting  a  cardiopulmonary 
exercise  test,  which  is  a  useful  guideline  for 
those  unfamiliar  with  clinical  exercise  test- 
ing. Chapters  8  and  9  deal  with  the  clinical 
applications  of  exercise  testing,  with  Chap- 
ter 8  describing  common  clinical  settings  in 
which  exercise  testing  can  be  a  useful  di- 
agnostic tool.  Chapter  9  lists  an  extensive 
number  of  case  presentations,  with  the  typ- 
ical abnormalities  seen  during  a  sample  ex- 
ercise test.  This  is  an  invaluable  reference 
for  those  who  report  exercise  tests,  with  de- 
tailed diagrams  and  text  describing  the  char- 
acteristic changes  for  all  the  common  car- 
diac and  respiratory  conditions.  The  book 
then  finishes  with  an  appendix  containing 
summ;u"ies  of  symbols,  a  glossary  of  defi- 
nitions, and  calculations  and  formulae. 

As  a  comprehensive  review  of  exercise 
physiology,  pathophysiology,  and  clinical 
exercise  testing,  this  book  is  a  tremendous 
success.  The  text  is  clear.  up-tt)-date.  well 
referenced,  and  supported  by  numerous  di- 
agrams to  clarify  some  of  the  more  difficult 
points.  The  authors  do  assume  some  knowl- 
edge of  biochemistry  and  physiology,  so  it 
may  be  necessary  to  do  some  background 
reading,  particularly  in  the  early  chapters  on 
exercise  physiology  and  pathophysiology. 
The  text  is  well  laid  out  and  easy  to  follow, 
and  as  you  progress  through  the  book,  it  is 
clear  that  the  chapters  complement  one  an- 
other, leading  to  a  comprehensive  under- 
standing of  the  role  of  clinical  exercise  test- 
ing in  health  and  disease.  One  of  the  strongest 
points  about  this  book  is  the  fact  that  many 
of  the  chapters  are  self-contained.  This 
makes  the  book  an  ideal  reference  tool  for 
all  indi\  iduals  interested  in  exercise  testing, 
allovsing  selective  reading  as  necessary  to 
gallicr  specific  infomiation.  This  is  further 


facilitated  by  a  detailed  contents  section  and 
index. 

The  intended  readership  includes  physi- 
cians with  an  interest  in  cardiac  and  pulmo- 
nary disorders,  exercise  physiologists,  and 
technicians,  although  the  book  is  an  excel- 
lent resource  for  anyone  w  ilh  an  interest  in 
exercise  physiology  and  exercise  testing.  In 
particukir.  the  chapters  on  setting  up  the  ex- 
ercise equipment,  performing  the  exerci.se 
test,  and  interpreting  the  results  supply  suf- 
ficient intomialion  to  set  up  an  exercise  lab- 
oratory without  prior  knowledge  ot  exercise 
testing.  To  those  with  some  prior  knowl- 
edge of  exercise  testing,  this  book  is  an  ex- 
cellent reference  text  to  troubleshoot  most 
of  the  problems  that  can  arise  during  testing 
and  interpretation. 

There  are  a  few  criticisms  to  be  made. 
There  is  little  information  about  the  reli- 
ability and  repeatability  of  the  measure- 
ments collected  during  exercise  testing, 
which  is  important  when  considering  it  in 
clinical  practice.  There  is  also  very  little 
mention  of  the  problems  associated  with 
the  assessment  of  ventilatory  limitation,  an- 
other common  problem  in  clinical  practice. 
Finally,  the  chapter  on  normal  values  could 
include  a  table  of  the  alternative  equations 
used  to  calculate  predicted  maximum  oxy- 
gen uptake. 

In  conclusion,  this  book  is  an  enjoyable 
and  valuable  read  for  all  those  with  an  in- 
terest in  exercise  physiology  and  patho- 
physiology. It  is  an  excellent,  comprehen- 
sive reference  book  describing  the  clinical 
application  and  interpretation  of  exercise 
tests  and  should  be  the  text  of  choice  in 
laboratories  that  carry  out  cardiopulmonary 
exercise  testing. 

Edward  McKone  MD 

Senior  Fellow 

Di\  ision  of  PulmonaPi  and 

Critical  Care  Medicine 

University  of  Washington 

Seattle.  Washington 

Measurement  and  Kvaluation  in  Human 
Perl'orniance.  2nd  edition.  James  R  Mor- 
row Jr  PhD.  Allen  W  Jackson  MD.  James 
G  Disch  PED.  Dale  P  Mood  PhD.  Cham- 
paign IF:  Human  Kinetics.  200(1.  Hard- 
cover, illustrated.  383  pages.  $55. 

Measurement  of  human  performance  is 
the  cornerstone  of  modem  medicine.  It  al- 
lows quality  research  to  be  completed,  and 
this  leads  to  a  better  practice  of  medicine 
and  more  competent  clinicians.  Mcasure- 
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riu'iit  iiiid  I  \;ilii;iliiiii  in  lliiiiuin  I'lrloi- 
iniini'i'  locuNCs  on  ilic  luiul;inii.-nl.Ll 
ciuKcpts  needed  to  conduet  such  resciiri-li 
and  describes  how  measuremeni  is  applied 
in  a  variely  of  seltinys  relaicil  lo  human 
function 

Section  I  describes  basic  tixils  in  niea- 
surement  and  e\aUiation:  the  nature  of  mea- 
surement, using  micriKomputcrs  and  statis- 
tics to  anaiy/e  the  data,  and  basic  statistics. 
Section  II  discusses  the  concepts  o(  reliabil- 
ity. \alidity.  and  grading.  A  separate  chap- 
ter is  presented  in  Section  II  on  criterion- 
referenced  measurement.  This  is  an 
important  addition  lor  educators  evaluating 
students  in  the  health  professions.  Section 
in  covers  applications  of  measuremeni  and 
evaluation  to  the  classroom  for  teachers,  and 
to  the  physical  fitness  lab  fore.xercise  phys- 
iologists and  those  interested  in  the  evalu- 
ation of  motors  skills.  One  chapter  in  this 
section  is  of  particular  interest  to  educators: 
"Measuring  Cognitive  Objectives  With 
Written  Tests."  This  chapter  deviates  some- 
what from  the  central  theme  ot  the  text,  but 
it  is  very  well  done  and  useful  to  educators 
writing  and  analyzing  test  items. 

The  intended  audience  of  this  text,  ac- 
cording to  the  authors,  is  the  "undergradu- 
ate student."  They  do  not  state  which  un- 
dergraduate students  would  use  this  text  or 
with  what  course  it  should  be  used.  This 
may  explain  why  the  book  is  written  at  a 
basic  level  and  may  make  it  more  difficult 
for  the  text  to  become  associated  with  a 
specific  course. 

I  found  this  text  very  well  written,  easy 
to  understand,  and  enjoyable  to  read.  The 
authors  have  included  numerous  pedagogi- 
cal features  that  assist  the  reader  in  compre- 
hending the  concepts  under  study:  the  list  of 
key  terms,  chapter  objectives,  end-ol-chap- 


tci  ic\  lews,  and  suiiim.iry  tables  arc  helpful 
.iiid  veiy  well  done.  The  authors  have  also 
put  together  a  Web  site  to  help  the  student 
w  iih  important  concepts.  The  Web  site  pre- 
sents practice  problems  and  more  discus- 
sion of  key  concepts. 

.Another  interesting  feature  of  the  text  that 
I  found  very  useful  is  the  use  of  a  case  study 
that  presents  a  measurement  and  evaluation 
challenge  at  the  beginning  of  each  chapter. 
The  challenge  presents  a  realistic  problem 
that  the  reader  probably  will  face  in  the  fu- 
ture. Each  chapter  ends  by  returning  to  the 
case  challenge  and  presents  methods  of  ap- 
proaching the  problem  using  the  concepts 
described  within  the  chapter.  This  feature  is 
unique  and  makes  the  content  of  the  chap- 
ters much  more  pragmatic  and  valuable  to 
the  reader. 

I  found  no  typographical  errors.  The  use 
of  a  second  color  adds  to  the  \  isual  appeal 
of  the  book  and  highlights  key  concepts  and 
terms.  It  also  calls  the  reader's  attention  to 
important  tables  and  other  important  infor- 
mation. 

The  authors  have  done  an  excellent  job 
of  putting  together  a  very  readable  text  that 
e\  en  a  novice  of  statistics  and  nieasLiremenl 
w  ould  be  able  to  read  and  comprehend  eas- 
ily. The  layout  of  the  text  is  appealing  and 
adds  to  the  quality  presentation  of  the  in- 
formation within. 

In  spite  of  its  positive  qualities.  I  don't 
think  this  text  has  a  place  in  an  entry  level 
respiratory  therapy  educational  program. 
Educators  today  in  entry  level  programs 
barely  have  enough  time  to  present  the  es- 
sential medical  aspects  of  respiratory  care, 
so  1  doubt  there  will  be  time  for  this  text. 
Educators  who  teach  measurement  in  car- 
diopulmonary science  programs  at  the  bach- 
elor of  science  or  master  o\  science  level 


might  adopt  it.  Students  in  advanced  pro- 
grams and  research-oriented  practitioners 
would  benefit  from  reading  this  text.  Even 
if  they  do  not  take  a  specific  course  in  mea 
surement.  they  will  need  lo  know  the  con 
tent  of  this  text  for  research  projects.  ITie 
chapters  on  descriptive  statistics,  correlation 
and  prediction,  and  inferential  statistics 
would  prove  most  useful  to  the  respiratory 
therapist  interested  inaneasy-to-understand 
basic  overviewofstatistics.  Educators  would 
find  the  chapters  on  norm-referenced  mea- 
surement, criterion-referenced  measure- 
ment, summative  evaluation,  and  alternate 
assessment  very  helpful  in  developing  a  bet- 
ter understanding  of  testing. 

In  summiu^'.  Measurement  and  Kvalu- 
alion  in  Human  Perf()rmance  is  a  well 
vsritteii  text  that  presents  a  wealth  of  infor- 
mation about  the  basics  of  research  and  the 
application  of  such  concepts  to  measuring 
human  pcrt'ormance.  It  uses  numerous  ped- 
agogical features  to  assist  the  reader  in  learn- 
ing the  concepts  presented.  Though  this  book 
is  beyond  the  curriculum  of  basic  respira- 
tory therapy  programs,  it  could  have  a  place 
in  advanced  programs  at  the  bachelor  of 
science  or  graduate  schcH)l  level.  It  would 
prove  very  valuable  to  practitioners  inter- 
ested in  conducting  quality  research  and  to 
educators  neetling  to  learn  more  about  mea- 
surement. 1  liighly  recommend  this  text  to 
anyone  who  is  looking  for  an  easy-to-read 
text  on  statistics  and  measurement  of  hu- 
man performance. 

Robert  I.  Wilkins  PhD  RRT  FAARC 

Department  of  Cardiopulmonary  Sciences 

School  of  Allied  Health  Professions 

Loma  Linda  University 

Loma  Linda.  California 
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section),  in  the  same  computer  file  as  the  manuscript  (not  in  a  sep- 
arate file,  as  with  the  tables  and  figures). 

Do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications: clear  photocopies  are  preferable.  To  include  figures  pre- 
viously published  in  other  publications  you  must  obtain  pennission 
from  the  original  copyright  holder.  Figures  must  be  of  professional 
quality  and  a  copy  of  the  article  from  which  the  figure  came  should 
be  available. 

Drugs.  Precisely  identify  all  drugs  and  chemicals  used,  giving  gener- 
ic (nonproprietary)  names,  doses,  and  methods  of  administration. 
Brand  or  trade  names  may  be  given  in  parentheses  afier  generic 
names. 

Commercial  Products.  In  the  lexl.  paienlhelicalh  identify  com- 
mercial products  only  on  first  mention.  gi\  ing  the  manufaclurer's 
name  and  location.  Example:  ""We  pertomied  spirometr\  ( 1085  Sys- 
tem. Medical  Graphics.  Minneapolis.  Minnesota)."'  Provide  model 
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minibors  if  iivailahlc.  iimi  nianut'acIuaT's  suggcstoJ  pncc  il  llic  sUiil> 
has  CDNl  implicationx. 

IVrniissions:  You  imisi  obiain  w  riiicn  permission  to  use  pictures 
ol  KlLiililiahle  individuals  or  lo  name  indi\  iduals  in  the  Aeknowi- 
edgmenls  seelion.  ^'ou  must  obiain  w  rilten  permission  from  (he 
original  copyright  holder  to  use  figures  or  tables  from  other  pub- 
lications. Copies  of  all  applicable  permissions  must  be  on  lile  at 
Rl  SI'IRAI<)R>  C"  \KI-  before  a  manuscript  goes  to  press.  Copyright 
IS  most  often  held  by  the  journal  or  book  in  w  liich  the  figure  or  table 
originally  appeared  and  applies  to  the  creativ  ii> .  vi\  Ic.  and  lorm 
in  w  hich  the  facts/data  are  presented  to  the  reader;  the  facts  them- 
selves iiR"  not  copynght-protectable.  Tlierelon.-,  pemiission  is  a'quired 
to  reproduce  a  table  or  figure  directly,  or  with  minor  adaptations, 
from  a  journal  or  book,  but  permission  is  not  required  if  data  are 
extracted  and  presented  in  a  new  format.  In  that  case,  cite  the  source 
of  the  data  as  in  the  lollowing  example:  ".Adapted  from  Reference 
23." 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate  that 
procedures  were  conducted  in  accordance  w  ith  the  ethical  standards 
of  the  World  Medical  Association  Declaration  of  Helsinki  (see  Respir 
Care  1997;42(6);6.''.'i-6.^6;  also  available  at  htijv/Awvw.wma.net/e/ 
1 7-c_eparai;rai>linuniherini;.html)  or  ot'lhc  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patients"  names,  initials,  or  hospital  numbers  in 
text  or  illustrations.  V\hen  reporting  experiments  on  animals,  indicate 
that  the  institution's  policy,  a  national  guideline,  or  a  law  on  the  care 
and  use  of  laboratory  animals  was  followed. 

Stati.stics.  Identity  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  level  of  significance  in  the  Meth- 
ods section.  Report  p  \  alues  in  the  Results  section.  Cite  only  textbook 
and  published  article  references  to  support  choices  of  tests.  Paren- 
thetically identify  any  computer  programs  used.  If  data  include  a  "±" 
value,  please  indicate  whether  the  value  is  a  st;indard  deviation  or  stan- 
dard error  of  the  mean. 

L'nits  of  MeasurenicnL  Express  aU  measurements  in  SI  {Systemc  Inter- 
natiiinaU)  units  (units  and  conversion  factors  listed  at  Respir  Care 
I997:42(6):640  and  also  available  at  hltp://www.rcioumal.com/ 
aiuhor^iiuide/.  Shov\  gas  pressures  ( including  blood  gas  tensions)  in 
millimeters  of  mercury  (mm  Hg). 

Conflict  of  Interest.  On  the  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  with  a  manufacturer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Rev  iewers  are  screened  for  possible  conflict  of 
interest. 

Abbreviations  and  Symbols.  Use  the  standard  abbreviations  and 
symbols  listed  at  Respir  Care  I997;42(f)):6.^7-W2  (also  available 
at  http://www.rcjournal.com/author_giiide/).  Do  not  create  new 
abbreviations.  Do  not  use  abbreviations  in  the  title  or  section  head- 
ings and  do  not  use  unusual  abbrev  lations  in  the  abstract.  Use  an 


abbreviation  onl\  il  the  term  occurs  4  or  iiiore  tunes  in  ihe  p.i|KT. 
Parenthetically  define  nil  abbrev  iations:  w  rile  out  the  full  term  on 
first  mention,  followed  by  the  abbreviation  in  parentheses. 
Example:  chronic  obstructive  pulmonary  disca.sc  (COPD).  There- 
after use  only  the  abbreviation.  Standard  units  of  mca.surcnieni  and 
scientific  terms  can  be  abbreviated  without  explanation  (eg.  L/min. 
mm  Hg,  pH.  O:). 

Please  use  the  following  lorms:  cm  IbtJmot  cmH20).  I  iiioi  di'iin. 
I.  (not  1 1.  IJmin  (not  I.PM.  l/min.  or  1pm).  niLtnot  ml),  mm  Hg  (not 
mniHg ).  pH  ( not  Ph  or  PH  1.  p  >  ().(X) I  ( not  p>().(XJ I ).  s  ( not  sec).  Spo: 
(arterial  oxygen  saturation  measured  via  pulse-oximetry). 

Prior  and  Duplicate  I'liblicalion.  In  general,  do  not  submit  work  that 
has  been  published  or  accepted  elsewhere,  though  in  special 
instances  the  Editor  may  consider  such  material  if  the  original  pub- 
lisher grants  pemiission.  Please  consult  the  Editor  before  submitting 
such  wiirk. 

.Authorship.  All  persons  listed  as  authors  must  have  participated  in 
the  reported  work  and  in  the  shaping  of  the  manuscript,  all  must  have 
proofread  the  submitted  manuscript,  and  all  should  be  able  to  pub- 
licly discuss  ami  defend  the  paper's  content.  A  paper  of  corpK)rate  author- 
ship must  specify  the  key  persons  responsible  for  the  article.  Attri- 
bution of  authorship  is  not  based  solely  on  solicitation  of  funding, 
collection  or  analy  sis  of  data,  provision  of  advice,  or  simiku'  sen  ices. 
Persons  who  provide  such  ancillary  ser\  ices  may  be  recognized  in  an 
.Acknowledgments  section,  but  written  permission  is  required  from 
the  persons  acknowledged. 

Reviewers:  Please  supply  tlic  iKuiics,  credentials,  alfllialions.  address- 
es, and  phone/fax  numbers  of  .3  professionals  whom  you  consider  expert 
on  the  topic  of  your  paper.  Your  manuscript  may  be  sent  to  one  or 
more  of  them  for  blind  peer  rev  iew. 

Suhmitting  the  Manuscript 

Submit  3  printed  copies  and  one  (.^.S-inch)  computer  diskette.  The 
printed  copies  should  each  include  photocopies  of  ;ill  of  the  Eigures. 
Tables,  and  Appendixes.  On  the  diskette,  the  manuscript  should  be 
in  one  file  and  the  tables  in  a  separate  file.  If  soft  copies  of  the  fig- 
ures are  available,  they  should  also  be  in  a  separate  file.  However,  do 
not  create  scaruwd  versions  of  figures  borrowed  from  other  puhliciitioiis: 
clear  photocopies  are  preferable.  Include  the  completed  Cov  er  Let- 
ter and  Checklist  ( see  next  page )  and  pennission  letters.  Mail  to  R1-..S- 
PIR.-\TORY  Cari;.  600  Ninth  Avenue.  Suite  702.  Seattle  \\A  98 104. 
Do  not  fax  manuscripts.  Receipt  w  ill  be  acknow  ledged. 

R^splKAl()R^  C\RK 
Kdilorial  Olllcc: 

600  Ninth  .Avenue.  Suite  702 
Seattle  WA  98 104 

(206)  223-05.^8  (voice) 

(206)  223-0563  (fax) 

rcjoumal@aarc.org 
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New  Products 
&  Services 


KducatioMiil  riodtiil  Case.  I';issy- 
Miiir  Inc  has  dcvflopctl  an  HJucatiotial 
Proiiui-t  Case  lor  college  profeNMiis 
and  clinical  instructors.  The  compans 
manufactures  tracheostomy  and  venti- 
lator speaking  valves.  The  educational 
kit  contains  samples  of  the  5  valves 
made  by  the  company  along  with  a  pa- 
tient care  kit,  an  inservice  outline,  and 
a  clinical  inservice  videotape  and  re- 
search literature  packet.  According  to 
Passy-Muir  these  materials  have  been 
effecti\e  teaching  aids  in  the  classroom 
and  the  hospital.  For  more  information 
from  Passy-Muir  Inc.  circle  number 
164  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electroni- 
cally via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


Spirometry   System.   FUTUREMED 

America  Inc  offers  the  SpiroVision-.'^, 
the  newest  in  its  line  of  PC-based  PFT 
instruments.  According  to  the  compa- 
ny, the  device  is  an  accurate,  inexpen- 
sive option  for  converting  a  PC  or  lap- 
lop  into  a  complete  spirometry  system. 
FUTUREMED  says  the  unit  consists  of 
a  lightweight  sensor  that  plugs  directly 
into  the  serial  port  of  a  computer  and 
that  the  Windows  software  interfaces 
with  the  sensor  to  perform  FVC.  VC, 
MVV,  pre/post  medication,  and  chal- 
lenge testing.  Company  press  materials 
say  the  unit's  real  time  flow -volume 
loops  and  time-volume  cur\es  help 
therapists  monitor  patient  performance 
for  more   accurate   testing.   Full-page 


printouts  and  colorful  graphs  let  the 
user  study  individuals'  tests  or  super- 
impose different  test  results  for  a  com- 
parison. For  more  information  from 
FUTUREMED  America  Inc,  circle 
number  165  on  the  reader  service  card 
in  this  issue,  or  send  your  request  elec- 
tronically via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guidc/ 


•^VISI  K 

Data  Management  Software  lor 
OxiBetn  Screening 


Overnight  Oximetry  System.  Nonin 
Medical  Inc  has  developed  a  Windows- 
based  software  package  for  overnight 
oximetry  screening.  The  company  de- 
scribes nVISION  as  designed  to  pro- 
vide easy  viewing,  professional  analy- 
sis, simple  report  generation,  and  reli- 
able data  storage.  Nonin  says  the 
oximetry  data  analysis  tool  increases 
productivity  and  decreases  administra- 
tive costs  and  that  the  functionality  of 
the  new  software  makes  it  useful  for 
most  overnight  screening  situations 
where  an  accurate  reading  of  blood 
oxygen  saturation  and  pulse  rate  are 
needed. 

For  more  information  from  Nonin 
Medical  Inc.  circle  number  166  on  the 
reader  service  card  In  this  issue,  or 
send  your  request  electronically  via 
"Advertisers  Online"  at  http://www. 
aarc.org/buyers_guide/ 


Inlialed  Corticosteroid  Pnvulu  liili.ikr 
The  Fo(xl  and  Drug  Administration  has 
given  GlaxoWellcome  approval  for  the  sale 
of  Rovent  Diskus  (nutica.sone  propionate 
inhalation  powder)  for  asthma  patients  4 
years  and  older.  According  to  GlaxoWell- 
come. the  new  asthma  treatment's  inhaled 
corticosteroid  may  help  reduce  the  air^vay 
inflammation  that  leads  to  asthma  symp)- 
toms.  Press  materials  describe  the  Diskus  as 
a  breath-activated  powder  delivery  device 
that  d(x;s  not  require  hand-breath  coordina- 
tion, making  it  easier  for  children  and  other 
patients  to  use.  The  medication  will  be 
available  in  ."iOmcg.  l(X)mcg.  and  25()mcg. 
For  more  information  from  GlaxoWell- 
come. circle  number  167  on  the  reader  ser- 
vice card  in  this  issue,  or  send  vour  request 
electronically  via  "Advertisers  Online "  at 
hitp://w  ww.aarc.org/buyers_guide/ 

Training  Manilsin.  Armstrong  Medical  In- 
dustries liK  has  introduced  what  it  calls  an 
easy  and  atfordable  Actar  D-fih  manikin  for 
CPR  and  AED  training.  According  to  Arm- 
strong, this  new  manikin  carries  the  same 
qualities  as  the  Actar  911  but  includes 
added  CPR  features  and  new  .AED  training 
capabilities.  Comp;iny  press  materials  say 
the  CPR  training  features  include  jaw 
thrust,  abdominal  thrust,  head  tilt  with 
closeable  airway,  realistic  chest  compres- 
sions, and  all  necess;u^  landmarks.  .Arm- 
strong also  says  the  Actar  D-fth  is  compati- 
ble with  all  u-aining  electrodes,  and  that 
electnxies  don't  interfere  with  chest  com- 
pressions and  can  be  easilv  removed.  For 
more  infonnation  from  Annstrong  Medical 
Industries  Inc.  circle  number  168  on  the 
reader  service  card  in  this  issue,  or  send 
your  request  electronically  v  ia  "Advertisers 
Online"  at  http://www.aarc.org/buyers_ 
guide/ 
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Calendar 
of  Events 


Date 

AARC  &  State  Society  Programs 

Contact 

July  17 

Professor's  Rounds  2001 
Teleconference.  Program  5 

AARC,  (972)  243-2272 

July  21-23 

Management  and  Education  Sections, 
Summer  Forum;  Naples,  FL 

AARC,  (972)  243-2272, 

www.aarc.org 

July  23-24 

Asthma  Disease  Management  Seminar, 
Naples,  FL 

AARC,  (972)  243-2272, 

www.aarc.org 

Aug.  14 

Professor's  Rounds  2001  Live 
Videoconference,  Program  6 

AARC,  (972)  243-2272 

Aug.  29-31  West  Virginia  Society  for  Respiratory  Care's 

Respiratory  Reunion;  Charleston,  WV 


Jay  Wildt  at  (304)  442-7474  or  jay.wildt® 

mghwv.org;  or  Anna  Parkman  at 

(304)  357-4837  orAParkman@ucwv.edu 


Sept.  1 1 


Professor's  Rounds  2001 
Teleconference,  Program  6 


AARC,  (972)  243-2272 


Dec.  1-4 


Feb. 6-8,  2002 


Sept.  1 2-1 4  MD/DC  Society  for  Respiratory  Care,  20th 

Annual  Conference  by  the  Sea,  Ocean  City,  MD 


Joe  Lynott  at  (202)  877-6086  or 
joseph.p.lynott@medstar.net;  or  Tom 
Stnplin  at  (301)  784-5523  or 
tstriplin@mindspring.com 


Sept.  12-14 

Alabama  Society  for  Respiratory  Care's 
Annual  Meeting,  Birmingham,  AL 

Bill  Pruitt,  (334)  434-3405, 
wpruitt@jaguar1  .usouthal.edu 

Sept.  25 

Professor's  Rounds  2001  Live 
Videoconference,  Program  7 

AARC,  (972)  243-2272 

Sept.  26-27 

MSRC  Annual  Meeting,  Sturbrldge,  MA 

Valen-Ann  Bolduc.  (508)  429-7478, 
02val@aol.com 

Oct.  16 

Professor's  Rounds  2001 

Teleconference,  Program  7 

AARC,  (972)  243-2272 

47th  International  Respiratory  Congress; 
San  Antonio,  TX 


AARC,  (972)  243-2272, 
www.aarc.org 


West  Virginia  Society  for  Respiratory  Care's 
Winter  Meeting,  Davis,  WV 


Jay  Wildt  at  (304)  442-7474  or  jay.wildt® 

mghwv.org;  or  Anna  Parkman  at 

(304)  357-4837  or  AParkman@ucwv.edu 


Date                    Other  Meetings 

Contact 

Oct.  9-1 1                   Cardiorespiratory  Diagnostics  2001 ; 
Las  Vegas,  NV 

Medical  Graphics  Corporation,  Mari 
Orke,  (800)  950-5597,  ext.  444, 
www.medgraph.com 

March  20-23,  2002    21  st  Annual  Big  Sky  Pulmonary  &  Critical 
Care  Medicine  Conference;  Big  Sky,  MT 

American  Lung  Association  of  the  Northern 
Rockies.  (406)  442-6556,  ala-nr@ala-nr.org 
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Niilicc  iif  iiimpciilions.  scholiirships.  fellowships.  CMiniinuliun  dales,  new  etlULUIinnul  pri>(!riims. 

iinJ  Ihe  like  will  ht  listed  here  free  nl  eliiirgc  lleiiis  fnr  ihc  Noliees  sctliim  iiiusi  rciwh  the  Jciumul  Ml  days 

helore  Ihe  desia-d  imiiilh  nl  puhluaiinn  i Jaiuiiir>  1  lor  iIk  March  issue.  Icbruary  I  for  the  April  issue,  cic)  Include  all 

pcnmeni  inforinalion  and  mail  nonces  lo  KISI'IKA  TORY  ("AK1-.  Nonces  Uepl.  1 1().«)  Ahles  I  jne.  Dallas  TX  7S22'*-4J9.1. 


Helpful  LUeb.Sites 


T^t^uKcC^  2001 

VwY^VMW  #5  ARDS:  The  Disease  and  Its 
Management — IxxuKud  D  Hudsoii  MD; 
Host  David  J  Pieiv)n  MD  FAARC— Video 
June  26  Audio  July  17 

Pn)j»rani  #6  New  Respiratory  Drugs: 
What,  When,  and  How — ^Joseph  L  Rau 
PhD  RRT  FAARC;  Host  Patrick  J  Dunne 
MEd  RRT  FAARC— Video  August  14 
Audio  September  1 1 

Pn)gram  #7  Invasive  Ventilation:  The 
Latest  Word— Richai-d  H  Kallet  MS  RRT; 
Host  Richai-d  D  Brimson  BA  RRT 
FAARC— Video  September  25  Audio 
October  16 

Program  #8  Test  Your  Lungs-Know  Your 
Numhers-Prevent  Emphysema — ^Thomas 
L  Petty  MD  FAARC;  Host  David  J  Pierson 
MD  FAARC— Video  October  23  Audio 
November  20 
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patients  meant  removing  the  HME/HCH  -  a  procedure  that  can  increase  the 
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to  both  patients  and  clinicians. 
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